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Preface

This book provides guidance on the assessment and management of patients with 
systemic lupus erythematosus. The book is focused on recent advances in the epide-
miology, pathophysiology, pathogenesis, and management of the disease focusing 
on specific subgroups of patients, including the issue of infertility, a problem which 
is quite common among females with lupus.

The authors who collaborated in this project have summarized their experience and 
have presented advances in certain fields related to assessing the severity of these 
disorders as well as the management of such patients. The book contains six chap-
ters, organized in three sections that cover important research aspects regarding 
systemic lupus erythematosus.

The first section consists of an introductory chapter prepared by the editor. This 
chapter presents a brief background about current concepts on the disease and 
future expectations regarding treatment and long-term outcomes. The next chapter 
deals with the incidence and prevalence of systemic lupus erythematosus and 
the findings from epidemiological studies on the risk/preventive factors for this 
chronic inflammatory disease. It presents factors that have been associated with the 
etiopathogenesis of lupus or have not yet been elucidated in detail, such as genetic 
factors and environmental factors, which are thought to play a role in its develop-
ment. Related to the recent insights of pathogenesis, the next chapter describes a 
spontaneous mouse model of lupus with review of its histopathologic, serologic, 
lymphocytic, hormonal, and genetic characteristics as well as its use as a preclinical 
model for the testing and discovery of new drugs for human use.

The second section discusses the issue of infertility, focusing on reproductive 
medicine and describing diagnostic and therapeutic strategies used in the last 
decades that are considered important for lupus patients with infertility since they 
have improved the related outcomes and consequently the management of preg-
nancy. However, pregnancies in patients with systemic lupus erythematosus are still 
considered a high-risk condition due to an increased risk of major obstetrical and 
neonatal complications. Thus, this section presents the setting of immunologic and 
hormonal adaptations during pregnancy, including the presence of antiphospho-
lipid antibodies and anti-SSA/Ro, lupus nephritis, and preeclampsia. Finally, the 
authors provide current knowledge regarding infertility and assisted reproduction 
technologies, which have emerged as a safe option in patients with systemic lupus 
erythematosus.

The third section describes neuropsychiatric lupus including the clinical manifes-
tations and its treatment in lupus patients. Based on mouse studies, the authors 
also discuss the correlation between inflammatory mediators, such as cytokines 
and autoantibodies, and the development of neurological symptoms with specific 
emphasis on the evidence for systemic versus local effects, offering a comprehensive 
review of old and new studies in animal models. This provides insights into how 
these results align with current treatment strategies offered to patients.
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Chapter 1

Introductory Chapter: Recent 
Advances in Systemic Lupus 
Erythematosus
Sophia Lionaki and Ioannis Boletis

1. Introduction

Systemic lupus erythematosus is the prototype of autoimmune disorder, which 
is typically manifesting in multiple organ systems and running a chronic course, 
affecting primarily females. It is associated with significant public health impact 
in affected individuals, with highly heterogenous presentation and progression. 
During the last two decades, substantial progress has been made in our knowledge 
on systemic lupus erythematosus incidence, pathogenesis, therapeutic interven-
tions, and long-term outcomes. However, it remains a challenging area of research, 
especially considering the genetic, epigenetic, and environmental factors that 
have been found to play a crucial role in disease prognosis [1]. Estimates on the 
worldwide incidence and prevalence of lupus revealed that the highest incidence 
was found in North America, while the lowest rates have been reported in Northern 
Australia [2]. Interestingly, a registry from the island of Crete reported that the 
overall age-adjusted/sex-adjusted incidence is growing among males [3]. Factors 
such as age, gender, ethnicity, genetics, hormonal status and environmental factors 
appear to have a central function in the development of the disease [2].

2. The new era of systemic lupus erythematosus

Despite the significant improvements which have been achieved in the field of 
lupus, including the overall management and immunosuppressive agents used for 
therapy, mortality rates of affected patients remain three times higher than those in 
the general population [2]. In particular, patients with lupus nephritis, who end up 
in end-stage kidney disease, inquire a huge burden of morbidity, related not only 
to the dialysis procedure but also to the inflammatory background, the impact of 
cumulative immunosuppression, and the phenomenon of accelerated atherosclero-
sis which results in cardiovascular death [4]. Still the performance of each patient is 
variable. For instance, neurologic and psychiatric manifestations of systemic lupus 
erythematosus appear to have an increasing rate in recent reports although they are 
found in different frequencies across lupus cohorts, depending on the methodology 
used to define the related signs/symptoms and the screening practice [5]. Likewise, 
family planning becomes a crucial problem for women with systemic lupus ery-
thematosus, considering the fact that females of reproductive age are the most 
frequently affected patients. Pregnancies in patients with active lupus and especially 
in those with renal involvement have been associated with significant morbidity and 
mortality for both the mother and the fetus [6]. Moreover, the interplay between 
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environmental factors and the genetic profile of each individual appear to be of 
great importance with respect to the onset and the progression of this disorder [7, 8]. 
Given these circumstances, we consider systemic lupus erythematosus a challenging 
field of research, which enquires continuing updating in order to illustrate all cur-
rent knowledge regarding disease pathogenesis and provide guidelines for clinical 
practice employing all newer immunosuppressive agents.
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Hospital, National and Kapodistrian University of Athens, Athens, Greece
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of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
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Chapter 2

Epidemiology of Systemic Lupus 
Erythematosus
Masakazu Washio, Chikako Kiyohara and Akiko Ohta

Abstract

Epidemiology is the study of the frequency and distribution of diseases and 
factors related to the development of diseases. Systemic lupus erythematosus (SLE) 
is a rare, chronic inflammatory autoimmune disease that affects many tissues 
and organs, whose female-to-male incidence ratio is 6:10 for childbearing age. Its 
chronic intractable nature has a significant impact on medical care utilization, 
activities of daily living, and quality of life. However, the etiology of SLE has not yet 
been elucidated in detail, although genetic factors as well as environmental fac-
tors are thought to play a role in its development. In this chapter, we introduce the 
incidence and the prevalence of SLE as well as factors related to the development of 
SLE and discuss how to prevent the development of SLE.

Keywords: SLE, epidemiology, incidence, prevalence, risk factor

1. Introduction

Systemic lupus erythematosus (SLE) is a rare, serious, chronic inflammatory autoim-
mune disease that affects many tissues and organs [1, 2]. The Japanese Ministry of Health 
and Welfare designated SLE as an intractable disease because there is no established 
way to cure or prevent it [3, 4]. Under a nationwide registration system for patients with 
intractable diseases, 55,021 SLE patients were eligible for financial aid from the Japanese 
government in 2007 and the prevalence of SLE was estimated to be 44 per 100,000 per-
sons in Japan [5]. Females are 8.2 times more likely to suffer from SLE than males in Japan 
[5]. Serdula and Rhoads [6] reported that the age-adjusted prevalence of SLE was greater 
in Japanese (18.2/100,000 persons) than White People (5.8/100,000 persons) in Hawaii, 
but they could find no reason for the high prevalence of SLE in Japanese ancestry. The 
etiology of SLE has not yet been elucidated in detail, although genetic factors as well as 
environmental factors are thought to play a role in its development [1]. The discrepancies 
of rates (i.e., higher rates in certain ethnic groups) are in part due to genetic factors as 
well as due to environmental factors such as smoking and dietary habits [7].

In this chapter, we would like to show the incidence and prevalence of systemic 
lupus erythematosus (SLE) and the findings from epidemiological studies on the 
risk/preventive factors for SLE.

2. Diagnosis criterion of SLE (case definition)

The established diagnosis criterion of SLE is needed to estimate the frequency 
and distribution of the patients with SLE. However, case definition is one of the 
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important factors, which may influence the results of epidemiological studies. 
Currently, the American College of Rheumatology (ACR) 1982 revised criteria for 
the classification of SLE [8], as modified in 1972 (ACR-97) [9], are widely used for 
the diagnosis of SLE. The diagnosis of SLE requires the presence of four or more 
of the following 11 criteria, which are (1) malar rash, (2) discoid rash, (3) photo-
sensitivity, (4) oral ulcer (usually painless, observed by a physician), (5) arthritis 
(nonerosive arthritis 2 or more peripheral joints), (6) serositis (a. pleuritis or b. 
pericarditis), (7) renal disorder (a. persistent proteinuria either 0.5 g/day or > 3+ 
if quantification not performed or b. cellular cast), (8) neurologic disorder (a. 
seizures or b. psychosis in the absence of offending drugs or metabolic disorders), 
(9) hematologic disorder (a. hemolytic anemia with reticulocytosis or b. leukopenia 
<4000/mm3 or c. lymphopenia <1500 mm3 or d. thrombocytopenia <100,000 mm3 
in the absence of offending drugs), (10) immunologic disorder (a. antibody to native 
DNA in abnormal titer or b. presence of antibody to Sm nuclear antibody or c. posi-
tive finding of antiphospholipid antibody), and (11) positive antinuclear antibody 
test result. Although the presence of four or more ACR-97 criteria is required for SLE 
classification, all other reasonable diagnoses of diseases other than SLE  
(e.g., neurologic disorder due to uremia, acidosis, or electrolyte imbalance) must be 
excluded [7]. Among the 11 ACR criteria, positive antinuclear antibody test result, 
hematologic disorder, immunologic disorder, and arthritis are the four most com-
mon criteria seen in SLE patients at the time of diagnosis [10–13] (Table 1).

When epidemiological studies are conducted based on the rheumatologist defini-
tion, biopsy-proven lupus nephritis patients may be considered to have SLE even 
though they satisfy fewer than four ACR-97 criteria. In these cases, the rates of SLE 
will be greater than the rates based on the ACR-97. Recently, the Systemic Lupus 
International Clinics (SLICC), which is an international group for the clinical research 
of SLE, presented a new criterion for the classification of SLE in 2012 (SLICC-12) 
[14]. They also validated the ACR-97 and the SLICC-12. The SLICC-12 resulted in 
fewer misclassification than the ACR-97 [14]. Compared with the ACR-97, the SLICC-
12 had greater sensitivity but less specificity [14, 15]. The SLICC case definition of 

Voss et al. [10] Uramoto et al. [11] Lim et al. [12] Izmirly et al. [13]

Manifestation Denmark United States United States United States

n = 107 n = 69 n = 267 n = 232

1. Malar rash 52(49) 18(26.1) 55(20.6) 86(37.1)

2. Discoid rash 15(14) 14(20.3) 40(15.0) 32(13.8)

3. Photosensitivity 51(48) 26(37.7) 43(16.01) 74(31.9)

4. Oral ulcer 9(8) 4(5.8) 61(22.8) 81(34.9)

5. Arthritis 62(58) 37(53.6) 167(62.5) 159(68.5)

6. Serositis 47(44) 22(31.9) 91(34.1) 84(36.2)

7. Renal disorder 37(35) 31(44.9) 91(34.1) 81(34.9)

8. Neurologic disorder 14(13) 2(2.9) 24(9.0) 43(18.5)

9. Hematologic disorder 66(62) 55(79.7) 216(80.9) 188(81.0)

10. Immunologic disorder 99(93) 44(63.8) 187(70.0) 170(73.3)

11. Antinuclear antibody 107(100) 46(66.6) 244(90.4) 213(91.8)

Data are expressed as number (%).

Table 1. 
Distribution of clinical manifestation and laboratory findings at the diagnosis of SLE.
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SLE yielded higher incidence and prevalence estimates than the ACR-97 case defini-
tion [15]. Thus, the incidence and prevalence of SLE are influenced by the diagnosis 
criterion of SLE. Therefore, interpretation of incidence and prevalence of SLE also 
take into account differences in the methodology used to determine these rates.

3. Incidence and prevalence of SLE

In the United Kingdom, Rees et al. [16] found that the incidence and prevalence 
of SLE in White People (6.73/100,000 person-years and 134.5/100,000 persons) 
were smaller than those in other ethnic groups such as Black African (13.78/100,000 
person-years and 179.8/100,000 persons), Black Caribbean (31.46/100,000 person-
years and 517.5/100,000 persons), and Indian (9.9/100,000 person-years and 
193.1/100,000 persons) (Table 2). In addition to the United Kingdom, American 
epidemiologists also reported that the incidence and prevalence of SLE in White 

First 
author 
(year)

Country Year Definition of 
SLE

Characteristics 
of study group

Incidence 
(per 

100,000 
person-
years)

Prevalence 
(per 

100, 000 
persons)

Rees 
(2016) [16]

United 
Kingdom

1999–
2012

Clinical Practice 
Research 

Datalink (CPRD)

White People 6.73 134.5

Black African 13.78 179.8
Black Caribbean 31.46 517.5

Indian 9.9 193.1
Serdula 
(1979) [6]

United States 
(Hawaii)

1970–
1975

American 
Rheumatism 
Association 

(ARA)—
preliminary 

criteria

White People NA 5.8

Chinese NA 24.1
Filipino NA 19.9

Hawaiian NA 20.4
Japanese NA 18.2

Lim (2014) 
[12]

United States 
(Georgia)

2002–
2004

ACR-97 criteria White People 2.7 32.7

Black People 8.7 118.5
Somers 
(2014) 
[17]

United States 
(Michigan)

2002–
2004

ACR-97 criteria White People 3.7 47.5

Black People 7.9 111.6
Asian/Pacific 

Islanders
NA 24.9

Dall’Ella 
(2017) 
[18]

United States 
(California)

2007–
2009

ACR-97 criteria White People 2.8 NA

Black People 15.5 NA
Asian/Pacific 

Islanders
4.1 NA

NA, not available.

Table 2. 
Incidence and prevalence of SLE by ethnic group in the United Kingdom/the United States.
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First author 
(year)

Country Year Definition of 
SLE

Characteristics 
of study group

Incidence 
(per 100,000 

person-
years)

Prevalence 
(per 

100, 000 
persons)

Uramoto 
(1999) [11]

United States 
(Minnesota)

1950–
1979

ACR-82 criteria Overall 1.51 NA

Females 2.47 NA

Males 0.50 NA

United States 
(Minnesota)

1980–
1992

ACR-82 criteria Overall 5.56 NA

Females 9.40 NA

Males 1.54 NA

Lim (2014) 
[12]

United States 
(Georgia)

2002–
2004

ACR-97 criteria All population 5.6 73.0

Females 9.2 127.6

Males 1.8 14.7

White People 2.7 32.7

Females 4.7 59.0

Males 0.7 7.5

Black People 8.7 118.5

Females 13.4 196.2

Males 3.2 23.7

Somers 
(2014) [17]

United States 
(Michigan)

2002–
2004

ACR-97 criteria All population 5.5 72.8

Female 
population

9.3 128.7

Male population 1.5 12.8

Dall’Ella 
(2017) [18]

United States 
(California)

2007–
2009

ACR-97 criteria All population 4.6 NA

Females 8.6 NA

Males 0.7 NA

White People 2.8 NA

Females 5.3 NA

Males 0.6 NA

Black People 15.5 NA

Females 30.5 NA

Males 2.1 NA

Asian /Pacific 
Americans

4.1 NA

Females 7.2 NA

Males 0.6 NA

Izmirly 
(2017) [13]

United States 
(New York)

2007–
2009

ACR-97 criteria Overall 4.6 62.2

Females 7.9 107.4

Males 1.0 12.5

United States 
(New York)

2007–
2009

SLICC Overall 6.2 73.8

Females 10.3 128.3

Males 1.7 13.8
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First author 
(year)

Country Year Definition of 
SLE

Characteristics 
of study group

Incidence 
(per 100,000 

person-
years)

Prevalence 
(per 

100, 000 
persons)

Barnabe 
(2012) [19]

Canada 1994–
2007

Diagnosed 
in clinical 

setting (ICD-9, 
ICD-10)

Females NA 27.3

Males NA 3.2

First Nations 
females

NA 32.2

First Nations 
males

NA 3.2

non-First 
Nations females

NA 27.1

non-First 
Nations males

NA 3.2

Somers 
(2007) [20]

United 
Kingdom

1990–
1999

Clinical Practice 
Research 
Datalink 
(CPRD)

All population 4.87 NA

Females 8.01 NA

Males 1.60 NA

Rees (2016) 
[16]

United 
Kingdom

1999–
2012

Clinical Practice 
Research 
Datalink 
(CPRD)

All population 4.91 64.6–97.0

Female 
population

8.34 NA

Male population 1.44 NA

Arnaud 
(2014) [21]

France 2010 Diagnosed in 
clinical setting 

(ICD10)

All population 3.32 47.0

Females 5.51 79.1

Males 0.92 11.8

Zou (2014) 
[22]

China 2009–
2010

Diagnosed by 
rheumatologists 

(ACR-97 
criteria)

All population NA 37.6

Females NA 70.3

Males NA 6.4

Yu (2013) 
[23]

Taiwan 2000–
2008

Diagnosed in 
clinical setting 

(ICD9)

All population 8.4 37.0

Females 15.0 66.6

Males 1.9 8.5

Shim (2014) 
[24]

South Korea 2009 Diagnosed 
(ACR-criteria) 

(ICD10)

All population 2.8 24.9

Females 5.1 42.9

Males 0.6 7.0
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People were smaller than those in other ethnic groups in the United States  
[6, 12, 17, 18] (Table 2). The disease burden of SLE is highest in Black People  
[17, 18], followed by Asian/Pacific islanders [17] and White People in the United 
States [17, 18], which may be related to genetic and environmental factors.

As shown in Table 3, the incidence and prevalence of SLE are greater in 
females than in males in all studies regardless of ethnic group or countries 
[11–13, 16–27]. Age-adjusted incidence of SLE in females was 8.8–14.5 times 
greater than in males in California, the United States (i.e., 12.3-fold female 
excess in all population, 8.8-fold female excess in White People, 14.5-fold 
female excess in Black People, and 12.0-fold female excess in Asian/Pacific 
islanders) [18], while the age-adjusted incidence of SLE in females was 7.8–14.8 
times greater than that in males in East Asia (i.e., 7.8-fold female excess in 
Taiwan [23], 8.5-fold female excess in South Korea [24], and 14.8-fold female 
excess in Japan [27]).

SLE is more common in women than men across all age groups, and this female 
predominance is especially noteworthy in the 15- to 64-year age group, wherein the 
male-to-female ratios of age-group incidence show a 6- to 10-fold female excess 
[28], which suggests that female sex hormones may play an important role in the 
development of SLE [28]. The Nurses’ Health Study [29] revealed that oral concep-
tive use increased the risk of SLE in the United States, whereas Bernier et al. [30] 
reported that it was not past use but current use of oral contraceptive pills that 
increased the risk of SLE in the United Kingdom. These studies [29, 30] also suggest 
that female sex hormones such as estrogen may play an important role in the devel-
opment of SLE. In addition to sex hormones, both X-linked and autosomal immune 
genes are also regulated epigenetically and likely contribute to the sex difference in 
the incidence of SLE [31].

First author 
(year)

Country Year Definition of 
SLE

Characteristics 
of study group

Incidence 
(per 100,000 

person-
years)

Prevalence 
(per 

100, 000 
persons)

Yamamoto 
(1986) [25]

Japan 1972–
1983

Diagnosed by a 
rheumatologist 
(ACR criteria)

All population 2.0 NA

Females 3.7 NA

Males 0.25 NA

Ohno 
(1992) [26]

Japan 1992 Diagnosed in 
clinical setting 

(ACR-82 
criteria)

All population NA 29.1

Females NA 52.3

Males NA 5.0

Iseki (1994) 
[27]

Japan 1972–
1991

ACR-82 criteria All population 3.0 NA

1972–
1991

Females 1.6–4.7 6.6–68.4

1973–
1991

Males 0.4–0.8 0.8–7.0

NA, not available.

Table 3. 
Incidence and prevalence of SLE in females and males in selected countries.
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4. Factors related to the development of SLE

Although genetic factors are suggested to play an important role in the develop-
ment of SLE, nongenetic factors are also suggested to play a role in the development 
of SLE [1, 7]. In addition to genetic susceptibility, hormonal and reproductive expo-
sures (e.g., endogenous estrogens, estrogen replacement therapy), occupational and 
environmental exposures (e.g., silica, ultraviolet light), and infectious exposures 
(e.g., Epstein-Barr virus) are suggested to influence the risk of SLE [1, 7]. Complex 
interactions between genetic and environmental factors are thought to play a role in 
the development and progression of SLE [7].

4.1 Sex hormones and reproductive issues in females

The incidence of SLE is greater in females than in males in all studies regardless 
of ethnic group or countries [11–13, 16–27]. Although SLE occurs predominantly 
in females, the incidence of SLE is low before puberty and after menopause (i.e., 
outside the reproductive ages) [32]. Sex difference in susceptibility is largest during 
the reproductive ages [33], which suggests that high endogenous estrogen concen-
trations may increase the risk for the development of SLE. Estrogens enhance B 
cell activation (e.g., immunoglobulin production including anti-ds-DNA), while 
they suppress T cell activity (e.g., proliferative response to mitogens and antigens, 
interleukin 2 production) [32].

Costenbader et al. [29] reported that menarche at a younger age (10 years old 
or younger vs. 12 years old: RR 2.1, 95% CI = 1.4–3.2) increased the risk for the 
development of SLE in the NHS 1976–2002 and the NHSII 1989–2003. In addition, 
they also reported that age at menarche was inversely associated with a risk for the 
development of SLE (vs. 12 years old: RR = 2.1 for 10 years or younger, RR = 1.2 for 
11 years old, RR = 1.0 for 12 years old, 1.1 for 13 years old, and RR = 1.1 for 14 years 
old, and RR = 1.0 for 14 years old or older, p for trend = 0.02) [29]. These findings 
suggest that the exposure to high concentrations of endogenous estrogen at early 
age may increase the risk for the development of SLE.

On the other hand, Bernier et al. [30] reported that current use of combined 
oral contraceptives increased the risk of SLE (RR 1.54, 95% CI = 1.15–2.07), but 
past use of combined oral contraceptives did not increase the risk (RR 1.06, 95% 
CI = 0.85–1.33). In addition, they also reported that the risk of SLE increased with 
the dose of ethinyl estradiol (vs. nonusers: RR 1.42 for 30 μg or less, RR 1.63 for 
31–49 μg, and RR 2.92 for 50 μg), while Costenbader et al. [29] reported that use 
of oral conceptive (vs. never: RR 1.5, 95% CI = 1.1–2.1) and use of postmenopausal 
hormones (vs. never: RR 1.9, 95 % CI = 1.2–3.1) increased the risk for development 
of SLE in the Nurses’ Health Study. These findings suggest that use of exogenous 
estrogens may increase the risk for the development of SLE.

Costenbader et al. [29] also reported that postmenopausal women primary after 
surgical menopause (vs. premenopausal: RR 2.3, 95% CI = 1.2–4.5) and early age 
of menopause (younger than 47 years old vs. 53 years old and older: RR 2.2, 95% 
CI = 0.9–5.4) showed an increased risk for the development of SLE. In their study, 
most of females who developed SLE after menopause were those with surgical 
menopause (i.e., bilateral oophorectomy) and were more likely to have taken 
postmenopausal hormones [29]. The increased risk of developing SLE among post-
menopausal females in their study may be partly explained by the use of postmeno-
pausal hormones (RR 1.9, 95% CI = 1.2–3.1) [29] and the surgery (vs. no surgery: 
surgery without blood transfusion: OR 1.54, 95% CI = 1.05–2.26; surgery with blood 
transfusion: OR 4.46, 95% CI = 1.99–10.00) [34].
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Ulff-Møller et al. [35] reported that live birth showed a decreased risk of SLE among 
Danish females (RR 0.74, 95% CI = 0.64–0.86), while Washio et al. [34] reported that 
live birth (OR 0.23, 95% CI = 0.09–0.59) decreased the risk of SLE and found a positive 
association between the risk of SLE and the number of living children delivered among 
Japanese females (vs. 0; OR 0.27 for one to two children, and OR 0.14 for three or more 
children, p for trend <0.01). On the other hand, Cooper et al. [36] could not find any 
meaningful association between the risk of SLE and number of live births. However, 
they found that breast-feeding was associated with a decreased risk of SLE (OR 0.6, 
95% CI = 0.4–0.9) among females in the United States [36]. These findings suggest that 
lactation may play an important role in reducing the risk of SLE among women with 
live-born children because serum estrogen levels are usually at or below the lower range 
for the early follicular phase of the normal menstrual cycle during the lactation [37].

4.2 Tobacco smoking and alcohol drinking

Several researchers suggested that smoking increased the risk of SLE [38–42]. 
Ghaussy et al. [39] reported a significantly increased risk of SLE in both current and 
former smokers compared with never smokers (current smokers: OR 6.69, 95%  
CI = 2.59–17.28, former smokers: OR 3.62, 95% CI = 1.22–10.70) in the United States. 
On the other hand, others reported no association with smoking history (i.e., current, 
former, or never-smoker) and the risk of SLE in the United States [43, 44]. A meta-
analysis by Costenbader et al. [45] revealed an increased risk of SLE among current 
smokers compared with nonsmokers (summary OR 1.50, 95% CI = 1.09–2.08).

The Kyushu Sapporo SLE study (i.e., the KYSS Study) was a hospital-based case-
control study to evaluate nongenetic and genetic risk factors for the development of 
SLE among Japanese females [42]. All SLE patients fulfilled the American College of 
Rheumatology 1982 revised criteria for SLE [8]. In the KYSS study, Kiyohara et al. 
[46] reported that (1) compared with nonsmokers, smokers showed an increased 
risk of SLE (vs. nonsmokers: OR 2.49 for former smokers, and OR 3.06 for current 
smokers, p for trend <0.01). In addition, the risk of SLE increased with number of 
cigarettes smoked/day during peak smoking period (vs. 0/day: OR 2.77 for 1–19/day, 
and OR 3.29 for 20+/day, p for trend<0.01) [46]. Since hydrazine, a drug containing 
aromatic amines, is a known inducer of SLE [47], aromatic amines in cigarette smoke 
may partly explain the association between smoking and the risk of SLE.

Some studies suggested that alcohol consumption may decrease the risk of SLE 
[38, 40, 41]. Hardy et al. [38] reported a dose-response negative association between 
alcohol drinking and SLE risk (vs. 0 unit of alcohol: OR 0.73 for 1–2 units, OR 0.41 
for 3–5 units, OR 0.47 for 6–10 units, and OR 0.30 for more than 10 units, p for 
trend <0.01). On the other hand, other studies failed to show an inverse association 
between alcohol drinking and SLE risk [37, 40]. A meta-analysis by Wang et al. 
[48] demonstrated that moderate alcohol drinking might have a protective effect 
on the development of SLE (vs. none: summary OR 0.73, 95% CI = 0.547–0.954). In 
the KYSS study, Kiyohara et al. [46] found a U-shape relationship between alcohol 
consumption and SLE risk among Japanese females (vs. 0 ml/week: OR 0.52, 95% 
CI = 0.31–0.86 for 1–70 ml/week, OR 0.38, 95% CI = 0.19–0.76 for 71–210 ml/week, 
and OR 0.67, 0.31–1.46 for 211 ml/week or more). These findings suggest that light to 
moderate alcohol consumption may decrease the risk of SLE.

Although there are potential biases associated with retrospective assessment of 
exposures and selection of cases and controls in a case-control study [49], Kiyohara 
et al. [46] reported that ever-smokers with drinking alcohol (OR 3.44, 95%  
CI = 2.03–5.82), nonsmokers without drinking alcohol (OR 2.56, 95% CI = 1.57–4.17), 
and ever-smokers without drinking alcohol (OR 6.98, 95% CI = 2.87–17.0) showed a 
greater risk of SLE than nonsmokers with drinking alcohol in Japanese women.
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4.3 Occupational exposures and chemicals

Crystalline silica exposure is known to increase the risk of SLE [50, 51]. Finckh 
et al. [52] reported that exposure to silica for more than 1 year increased the risk 
of SLE (OR 4.3, 95% CI = 1.7–11.2). They also reported that the risk of SLE was 
associated with the duration of exposure to silica (vs. less than 1 year: OR 4.0 for 
1–5 years, and OR 4.9 for more than 5 years, p for trend = 0.01) [52]. Parks et al. 
[53] reported a positive relationship between a history of silica exposure and SLE 
risk (vs. none: OR 1.6 for low, and OR 3.1 for medium or high, p for trend = 0.003).

On the other hand, Cooper et al. [54] reported that occupational silica exposure 
increased the risk of SLE among never-smokers (vs. no-silica exposure: OR 2.6, 95% 
CI = 1.2–5.7) but not among ever-smokers (vs. no-silica exposure: OR 0.99, 95% 
CI = 0.46–2.1), which suggests that smoking may play a more important role in the 
development of SLE than silica exposure.

Cooper et al. [43] reported that any use of permanent dyes increased the risk of 
SLE (OR 1.5, 95% CI = 1.0–2.2) in the United States. On the other hand, Sanchez-
Guerrero et al. [44] failed to find a positive association between use of permanent 
hair dye and SLE risk (ever-users vs. never-users: OR 0.96, 95% CI = 0.63–1.47) in 
the Unites States.

4.4 Ultraviolet radiation exposure

Washio et al. [42] reported that walking increased the risk of SLE in Kyushu, 
southern Japan with a temperate climate (30 min/day or more vs. less than 
30 min/day: OR 2.07, 95% CI = 1.14–3.76) but failed to increase the risk of SLE in 
Hokkaido, northern Japan with a subarctic climate (30 min/day or more vs. less 
than 30 min/day: OR 1.13, 95% CI = 0.46–2.79). In this study, walking may be a 
surrogate of staying outdoors with exposure to strong sunlight [42]. On the other 
hand, Cooper et al. [54] reported that outdoor work in the 12 months preceding 
diagnosis (OR 2.0, 95% CI = 1.0–3.8) increased the risk of SLE. In their study, a 
larger variation in the association between outdoor work and SLE risk was seen 
when examined within categories of sun reaction to midday sun (vs. none; OR 0.75 
for tan or darken without burning, OR 2.7 for sunburn, and OR 7.9 for sunburn 
with blistering or rash) [54]. However, it is controversial whether ultraviolet (UV) 
radiation exposure itself plays a role in the development of SLE although UV radia-
tion exposure may exacerbate preexisting SLE [50].

4.5 Family history

Family history of SLE [40, 55] as well as family history of connective tissue 
diseases/autoimmune diseases [40, 41, 55] is reported to increase the risk of 
SLE. Alarcón-Segovia et al. [56] reported that there was familial aggregation of SLE 
and of RA in SLE patients. These findings suggest that predisposing genes of auto-
immune diseases as well as environmental risk factors sharing in family members 
may play a role in the development of autoimmune diseases including SLE.

4.6 Genetic susceptibility

It is widely accepted that SLE development requires environmental factors 
acting on a genetically predisposed individual. Studies of twin concordance are 
commonly used in epidemiology to estimate the role of genetics and the influ-
ence of environmental factors on disease susceptibility. Disease concordance is 
much higher in monozygotic twins (24–57%) than in dizygotic twins (2–5%), 
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suggesting that a genetic factor may play a role in the development of SLE [57, 58]. 
The genetic basis of SLE is very complex; it has been estimated that over 100 genes 
may be involved in SLE susceptibility [59], but it is difficult to predict how many 
genes contribute to SLE susceptibility. Exposure to reactive oxygen species (ROS) 
via cigarette smoking is thought to contribute to the development of SLE. ROS 
is considered to promote the autoimmune response [60]. The cytochrome P450 
(CYP)1A1 and glutathione S-transferase (GST) M1 enzymes are critical for the 
functionalization of genotoxic substances in cigarette smoke. The CYP1A1 enzyme 
contributes to the phase I metabolic activation and formation of ROS, whereas 
the GSTM1 enzyme plays a critical role for phase II detoxification of activated 
carcinogens or ROS [61, 62]. Extensive studies have been performed on the pos-
sible associations between polymorphisms of CYP1A1 and GSTM1 and cancer 
susceptibility [63–65]. Similarly, the N-acetyltransferase (NAT) enzyme is involved 
in the metabolism and detoxification of cytotoxic and carcinogenic compounds as 
well as ROS [66]. It has been suggested that N-acetylation of polycyclic aromatic 
hydrocarbons (PAHs) by the NAT2 enzyme may be associated with ROS production 
[67]. ROS increase immunogenicity of DNA, LDL, and IgG, generating ligands for 
which autoantibodies show higher avidity [60]. Tumor necrosis factor r superfamily 
member 1B (TNFRSF1B) is a receptor for TNF-α and is considered to mediate vari-
ous biological effects including generation of ROS and the subsequent intracellular 
proinflammatory signaling events [68]. Furthermore, cigarette smoking has been 
suggested to influence TNFRSF1B production [69, 70]. Representative functional 
polymorphisms of the CYP1A1, GSTM1, NAT2, and TNFRSF1B genes are CYP1A1 
rs464903, GSTM1 deletion, NAT2 genotypes determined by NAT2*4, *5B, *6A, or 
*7B allele and TNFRSF1B rs1061622. Considering that exposure to ROS via cigarette 
smoking may be contributed to the development of SLE, it is important to study the 
association between SLE and the polymorphisms involved in metabolism of tobacco 
smoke and ROS production. We conducted candidate gene association studies 
(hypothesis-driven approach) of SLE in female Japanese subjects with special refer-
ence to the interaction between the polymorphisms involved in ROS production and 
cigarette smoking [71–74]. CYP1A1 rs4646903 (OR of the CC genotype = 2.47, 95% 
CI = 1.28–4.78) [71] and NAT2 genotypes (OR of the intermediate acetylator and 
slow acetylator genotypes combined = 2.34, 95% CI = 1.36–4.02) were significantly 
associated with SLE risk [72]. TNFRSF1B rs1061622 was marginally associated with 
an increased risk of SLE (OR of the G allele possession = 1.56, 95% CI = 0.99–2.47) 
[71]. There were significant additive interactions between smoking and any one 
of the following: CYP1A1 rs4646903, NAT2, or TNFRSF1B rs1061622 [72–74]. 
Replication of findings is very important before any causal inference can be drawn. 
Testing replication in different populations is an important step. Future studies 
involving larger control and case populations, precisely and uniformly defined 
clinical classification of SLE and better exposure histories, will undoubtedly lead to 
a more thorough understanding of the role of the genetic polymorphisms involved 
in ROS production in SLE development.

5. Applications of findings in the epidemiological studies

Descriptive epidemiologic studies of SLE have been conducted not only in the 
Western countries (e.g., the United Kingdom, France, the United States, Canada) 
but also in Asian countries (e.g., China, South Korea, Japan). The prevalence of 
SLE provides useful information for the needs of health services for SLE patients. 
Information of the age- and sex-specific incidence and prevalence of SLE can be 
used to estimate the number of newly diagnosed SLE patients and the total number 
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of SLE patients in a community whose age and sex structure is known. On the other 
hand, the discrepancies of rates between different groups (e.g., different ethnic 
groups in the same country, different countries), which may be partly due to genetic 
factors as well as due to environmental factors [6], may give epidemiologists clues to 
plan epidemiological studies to determine a risk factor for SLE.

Observational studies such as case-control studies and cohort studies have been 
conducted to determine factors related to the development of SLE (i.e., risk factors, 
preventive factors) [49, 75]. After determining risk factors, preventive action will 
be started to control the level of exposure to a risk factor for SLE (i.e., reducing the 
risk of SLE) as well as to undergo a medical examination for the early detection of 
SLE for persons who are at special risk (e.g., silica [50–54]) (i.e., high risk strategy 
[76]). The size of relative risk/odds ratio indicates the strength of association between 
an exposure and a risk of SLE. For a public health perspective, however, the attribut-
able risk of SLE is more important than the relative risk. The attributable risk is the 
difference in the risk of SLE between the exposed and the unexposed persons [49, 75]. 
 The population attributable risk is the incidence of SLE in a population that is asso-
ciated with an exposure to a risk factor, which is useful for determining the relative 
importance of exposures for the entire population [49, 75]. When the proportion of 
exposed persons is large, the population attribute risk is high even if the relative risk 
is small. More cases of SLE may develop in a large number of persons who are at a 
small risk than in the small number who are at high risk.

Smoking is an avoidable risk factor for SLE [38–42, 45] as well as for cancer 
[77] and cardiovascular diseases [78]. Therefore, antismoking education for both 
smokers and nonsmokers throughout lifetime (i.e., population strategy [76]) is 
important to reduce the incidence of SLE as well as the incidence of cancer and 
cardiovascular diseases in the general population.

6. Summary

The incidence and prevalence of SLE vary with sex, age, ethnicity, and the way 
how to detect SLE patients (e.g., case definition). SLE is more common in women 
than men across all age groups, and this female predominance is especially note-
worthy during the reproductive ages [28], which suggests that female sex hormones 
may play an important role in the development of SLE.

A lower incidence and prevalence of SLE has been constantly observed in White 
People than in Black People [12, 17, 18] as well as Asian/Pacific Islanders [6, 17, 18] 
in the United States, while the incidence and prevalence of SLE is lower in White 
People than in Black African, Black Caribbean, and Indian [16]. The discrepancies 
of rates between ethnic groups are in part due to genetic factors as well as due to 
environmental factors such as smoking and dietary habits [7].

There are worldwide differences in the incidence and prevalence of SLE [79]. 
In addition to genetic factors and environmental factors, the way to detect SLE 
patients (e.g., case definition) is an important factor, which influences the incidence 
and prevalence of SLE. Ighe et al. [15] reported that the SLICC case definition 
of SLE yielded higher incidence and prevalence estimates than the ACR-97 case 
definition.

In this chapter, we introduce factors related to the development of SLE as well 
as incidence and prevalence of SLE. Among the reproductive issues, menarche 
at a younger age [29], use of contraceptive [29, 30], and use of postmenopausal 
hormones [29] increase the risk of SLE, while breast-feeding is associated with a 
decreased risk of SLE. Among environmental factors, tobacco smoking increases 
the risk of SLE [38–42, 46], while light to moderate alcohol drinking decreases 
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the risk of SLE [46]. On the other hand, the exposure to crystalline silica [50, 51], 
silica [52, 53], strong sunlight [42, 54], and ultraviolet radiation [50] increase the 
risk of SLE. Among genetic factors, CYP1A1 rs4646903 and NAT2 genotypes are 
associated with an increased risk of SLE, while TNFRSF1B rs1061622 is suggested 
to increase the risk of SLE [71–74]. In order to reduce the risk of SLE, we should 
reduce the exposure to avoidable risk factors such as smoking, contraceptives, 
crystalline silica, silica, strong sunlight, or ultraviolet radiation.
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Abstract

Spontaneous models of lupus were recognized four decades ago beginning in 
the early 1960s with the NZB/NZW F1 (NZB/W F1) mouse, an F1 hybrid between 
the New Zealand Black (NZB) and New Zealand White (NZW) mice. Although the 
parental strains display limited autoimmunity, the NZB/W F1 develops severe lupus-
like features similar to that of human lupus patients. Here, we will address the genetic 
characteristics of the model and discuss its main characteristics such as the presence 
of serum antinuclear autoantibodies (ANA) including anti-dsDNA, mild vasculitis, 
and the development of immune complex-mediated glomerulonephritis. Similar to 
human lupus, the disease develops primarily in female mice after six months of age, 
with a lesser percentage and severity in male mice. The relation of this phenomenon 
will be examined in the context of estrogen levels. The participation of both innate 
and adaptive immunity will be addressed as well as the contribution of both T and 
B cells in the development of the clinical aspects of the disease. We will focus on the 
use of the model as a valuable tool for elucidating the pathogenic mechanisms of the 
disease, as well as its use as preclinical testing of therapeutic for human use.

Keywords: lupus, mouse model, histopathology, autoreactive cells and antibodies, 
genetics, sex

1. Introduction

Autoimmune diseases are generally defined by the existence of autoantibodies and 
the presence of autoreactive T and B lymphocytes. More than 80 different autoimmune 
disorders have been described, including systemic lupus erythematosus (SLE). Animal 
models of human diseases are an invaluable tool for defining pathogenic mechanisms, 
finding novel therapeutic targets, and testing new therapies. These models have the 
advantage of having a shorter lifetime, a characteristic that allows to study the full cycle 
of the disease and to test for the possible therapies in much shorter period. Although 
using animal models may have some disadvantages due to the obvious genetic and 
physiological differences with humans, they have been an invaluable tool to study 
human diseases, especially in autoimmunity. Although the exact etiology of SLE has 
not yet been identified, there is a consensus that numerous factors such as genetics, 
environment, and hormonal aspects are involved in the development of this disease. 
Several mouse models resemble specific elements of the human disease and have 
been employed to understand the cellular and genetic treats linked to SLE susceptibil-
ity. Most of them, share in common, the development of glomerulonephritis and 
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autoantibodies against autoantigens. In Table 1, we summarize the principal character-
istics of the most extensively studied mouse strains of both spontaneous and induced 
murine lupus models. Additionally, there are genetically modified mouse models in 
which researchers inactivate, express, or overexpress a gene product or protein to 
recognize their single role in lupus and immunity in general such as transgenic-induced 
lupus and gene knockout-induced lupus [1–3]. In this chapter, we will refer in detail to 
the NZB/W F1 mice, which are the oldest classic spontaneous models of lupus used to 
study, on the one hand, the numerous susceptibility loci from which several candidate 
genes have emerged. Also, it has allowed to address important issues such as physiologi-
cal aspects of the disease, antibody specificities, the role of antigen-presenting cells, the 
participation of B and T lymphocytes, and drug responses in many preclinical studies. 
This model was generated by the cross between the NZB and NZW strains. Both NZB 
and NZW display limited autoimmunity, as will be discussed here, while the NZB/W 
F1 hybrids develop severe lupus-like phenotypes resembling that of lupus patients. The 
purpose of this chapter is to summarize the contributions and significant advances in 
the understanding of lupus pathogenesis by the use of the NZB/W F1 murine model.

2. Histopathology characteristics of NZB/W F1 mice

In pre-autoimmune NZB/W F1 mice, in vivo expression of IFN-α precipitates 
the autoimmune process and kidney damage, leading to premature death from 
severe immune complex glomerulonephritis. This fact does not happen in non-
autoimmune BALB/c mice. These findings support the notion that sustained IFN-α 
production in susceptible individuals may be sufficient to generate all the character-
istics of SLE [4]. Interestingly, Liu et al. demonstrated that IFN-α accelerates murine 
systemic lupus erythematosus in NZB/W mice in a T cell-dependent manner [5].

Table 1. 
Main mouse models used to study lupus.
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The major cause of death in the NZB/W F1 female is chronic glomerulonephritis 
with heavy mesangial deposits before 5 months of age, tubular cast formation, 
proliferation of glomerular cells, prominent crescent formation, and a significant 
periglomerular and interstitial monocytic infiltrate. Extraglomerular renal deposits 
of IgG2a and C3 are present in the peritubular tissue and arterioles, and increase in 
frequency with age.

Diseased mice develop splenomegaly and progressive thymic cortical atrophy 
that begins very early in the disease and results in nearly complete loss of the thymic 
cortex as the disease progresses. In many mice, the loss of cortex is accompanied 
by medullary atrophy. Additionally, females have lymphoid hyperplasia with nodes 
rarely exceeding 2–3 times the average size [6].

3. Serologic characteristics of NZB/W F1 mice

Interestingly very early, it was reported that repeated administration of 
dsDNA or ssDNA to NZB/W F1 mice has a tolerogenic and long-lasting effect 
in this strain of mice that otherwise are susceptible to developing lupus [7]. 
Autoimmune-prone NZB mice mainly produce anti-DNA antibodies IgM and 
develop a mild SLE. NZB/W F1 females develop a fulminant SLE at 6–9 months 
associated with a decrease in IgM and an increase in anti-DNA IgG antibodies. 
These results helped to elucidate the role of the H-2 complex in the anti-DNA 
antibody production, leading to the conclusion that the production of IgG 
anti-DNA antibodies observed in NZB/W F1 hybrid mice is restricted to the 
H-2d/H-2z heterozygous mice [8].

NZB/W F1 mice present high levels of circulating autoantibodies. Antibody-
secreting cells (ASCs) from these mice produce antinuclear antibody (ANA) 
and anti-dsDNA predominantly, the majority of them being the IgG2a and IgG3 
classes [3, 5, 9]. NZB/W F1 mice also produce other extractable nuclear antigens 
(ENA) autoantibodies such as anti-small nuclear ribonucleoprotein (snRNP) 
and anti-heterogeneous nuclear ribonucleoproteins (hnRNP) [10]. All these 
autoantibodies form immune complexes that are deposited in different organs 
like liver, kidney, and skin. Moreover, Brick et al. have described the presence of 
anti-histone antibodies in the serum of autoimmune NZB/NZW F1 mice and in 
MRL/lpr mice [11]. On the other hand, dietary fat affects antibody levels to lipids 
and cardiolipin in autoimmune-prone NZB/W F1 mice. Antibodies to cardiolipin 
have been reported to play an important role in thrombus formation and an 
increase in the rate of abortions, both in human lupus patients and in murine 
lupus [12].

CD5+ B-1 cells have attracted much attention, because of their involvement in 
both autoimmunity and B cell-type chronic lymphocytic leukemia (B-CLL). It has 
been demonstrated that elimination of B-1 cells prevents autoimmune symptoms in 
autoimmune-prone mice [13]. CD5+ B cells seem to be the precursors of CD5- anti-
DNA IgG antibody-producing B cells in autoimmune-prone NZB/W F1 mice [14]. 
However, whether B-1 cells in the peritoneum are generally involved in the patho-
genesis of the autoimmune disease remains controversial.

4. Cellular abnormalities

Systemic lupus erythematosus (SLE) produces alterations in the organism that 
affect cells of the innate and adaptive immune systems. In this section, we will 
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summarize the modifications described in diseased NZB/W F1 mice in different 
immune cell populations.

4.1 Dendritic cells

Dendritic cells (DCs) are the cellular sentinels of the organism, important 
orchestrators of immune responses, and key components in fine-tuning the balance 
between tolerance and immunity.

Two major subsets of DCs are described: conventional DCs (cDCs) and plasma-
cytoid DCs (pDCs), although other subsets of DCs have been described from DCs 
generated from bone marrow cultures [15]. Tissue-derived pDCs are considered 
to be the major IFN-α source in SLE; however, diseased NZB/W F1 mice show an 
increase in the frequency and absolute numbers of both cDCs and pDCs in spleen 
and blood compared to healthy mice. Also, compared to healthy mice, diseased 
mice present alterations in both types of DCs since they display an abnormal phe-
notype characterized by an overexpression of the co-stimulatory molecules CD80, 
CD86, PD-L1, and PD-L2. Homing experiments demonstrate that DCs from lupus-
diseased mice migrate preferentially to the spleen compared to DCs from control 
mice. This preferential recruitment and retention of DCs in the spleen are related 
to altered expression of different chemokine and chemokine receptors on both DCs 
and spleen stromal cells [16]. Recently, pDCs from spleen and bone marrow have 
been compared in several models of lupus-prone mice without clear results con-
cerning the role of pDC in the development of lupus [17].

In NZB/W F1 mice, the spleen is the principal organ, where nucleosome-specific 
T cells are stimulated. Splenic antigen-presenting cells, including macrophages, 
contribute significantly to the production of autoantibodies and in the develop-
ment of the disease [18]. On the other hand, anti-apoptotic molecules such as Bcl-2 
inhibitors selectively kill pDCs, but not cDCs, reducing IFN-α production [19].

4.2 Macrophages

Macrophages are professional antigen-presenting cells and play an essential 
role in the activation of the adaptative immune response. Macrophages usually 
eliminate circulating apoptotic bodies and pathogens. Macrophages from diseased 
NZB/W F1 lupus mice have reduced phagocytic capacity. The impaired ability of 
resident peritoneal macrophages from lupus-prone mice to engulf apoptotic cells 
has been demonstrated by in vivo and in vitro cell clearance assays [20, 21]. Some 
studies have shown defective Fc-mediated phagocytosis by peritoneal macrophages 
[22] making more autoantigens available that favor an autoimmune response. In 
this regard, it was shown that spleen F4/80high macrophages could present autoan-
tigen efficiently to T cells, thus giving help to autoantibody-producing B cells in 
lupus-prone mice [18].

F4/80high macrophages reside in healthy kidneys. In NZB/W F1, there is an 
increasing number of macrophages during nephritis. However, these macrophages 
do not show a pro-inflammatory (M1) or anti-inflammatory (M2) phenotype upon 
cytokine stimulation. Instead, they acquired a mixed functional phenotype that 
resembles gut F4/80high macrophages constitutively activated [23]. Macrophages 
from diseased NZB/W F1 mice differ in the expression of some inflammatory 
genes, chemokine receptors, and TLRs, which are consistent with their heterogene-
ity and variability in renal location, further supporting the idea that ineffective 
macrophage function may contribute to glomerulonephritis in NZB/W F1 mice.

Macrophages produce a broad array of cytokines that can affect the immune 
response. For example, macrophages from peritoneal cavity upon stimulation with 
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DNA secrete high amounts of IL-6 and TNF-α [24], two cytokines that participate 
in B cell proliferation and function. Very early, it was reported that IL-6 secretion 
by peritoneal and not by spleen macrophages have an active role in the production 
of anti-DNA autoantibodies in NZB/W F1 mice [25].

4.3 T cells

In the NZB/W F1 lupus mice, spleen CD4+ T cells exhibit an activated phe-
notype characterized by high expression of PD-1, CD25, CD69 and increased 
secretion of IFN-γ and IL-10 [16, 26]. The primary function of T cells in lupus is to 
help B cells in the production of autoantibodies [27], thus, avoiding the interaction 
between T and B cells may decrease the signs of the disease. Treatment with an 
anti-CD4 monoclonal antibody dramatically reduced glomerular immunoglobulin, 
complemented deposition, and diminished lymphocytic infiltration and vasculitis 
in the kidneys [28]. CD28 blockade decreased the production of anti-ds DNA 
autoantibody, prevented the development of lupus nephritis, and prolonged animal 
survival [29].

Regulatory CD4+ T cells (Tregs) are essential players in the maintenance of 
peripheral immune tolerance. Usually, Tregs suppress the activity of specific T 
helper (Th) cells, but in NZB/W F1 mice, a homeostatic state of imbalance between 
regulatory and effector T cells is produced due to a decrease of IL-2, an essential 
cytokine for the maintenance of Tregs [30]. On the other hand, the levels of the 
adipocytokine leptin are elevated in diseased mice and correlate with the produc-
tion of autoantibodies and renal disease. Although leptin can promote effector T 
cell responses to self-antigens, it also inhibits Treg activity [31]. On the other hand, 
Likuni et al. demonstrated that Tregs could directly suppress B cells in NZB/W 
F1 lupus mice through cell-to-cell contact-mediated mechanisms, thus directly 
regulating auto-antibody-producing B cells, including those B cells that increase in 
number during active disease [32].

Follicular helper T cells are CD4+ T cells population that supports the activation 
and differentiation of previously class-switched B cells to long-lived antibody-
secreting plasma cells. Recent reports show that follicular helper T cells contribute 
to the pathogenesis of lupus through the ICOS/ICOSL pathway in NZB/W F1 
mice [33]. Also, the activation through the Ox40/Ox40L pathway increases the 
number of follicular helper T cells and promotes cellular and humoral autoimmune 
responses in NZB/W F1 mice [34]. Interestingly, Cortini et al. showed that, recipro-
cally, B cells support the follicular helper T cells development in NZB/W F1 mice 
through the OX40L expression on B cells [35].

Although CD8+ T cells have not been directly implicated in SLE, sick NZB/W 
F1 mice show an impaired expansion of CD8+ T cells, as well as the acquisition of 
memory, secretion of cytokine, and suppression of autoimmunity [36].

4.4 B cells

Participation of B cells in lupus implicates several of its cellular functions. 
Besides the secretion of autoantibody against a panoply of antigens, B cells contrib-
ute in other ways to the pathogenesis of lupus, including antigen presentation to T 
cells, follicular helper T cell differentiation, and cytokine secretion. Although the 
phenotype of resting B cells isolated from NZB/W F1, and non-autoimmune mice 
do not show significant differences, B cells from lupus mice are hyper-responsive 
to T cell-derived stimuli in vitro. T cell-derived cytokines and signals delivered 
through CD40 crosslinking induce higher levels of proliferation, IgM secretion, and 
enhanced expression of costimulatory molecules in NZB/W F1 B cells [37].
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B cell-activating factor (BAFF) and a proliferation-inducing ligand (APRIL) play 
key roles in peripheral B cell survival, maturation, and differentiation. In NZB/W F1 
mice, chronic activation of the immune system induced an increase in the levels of 
circulating BAFF and APRIL. The continuous activation of B cells and thus overex-
pression of BAFF and APRIL may contribute to an increase in the generation of autore-
active B cells and a thus furthering the development of autoimmune disease [38].

B cells activation by T cells leads to the differentiation of B cells into long-lived 
plasma cells. However, continuous activation in autoimmune NZB/W F1 mice 
also generates short-lived plasmablasts. The number of splenic antibody-secreting 
cells (ASC) increases in NZB/W F1 mice aged 1–5 months and stabilizes after 
this period. Less than 60% of the splenic auto-ASCs are short-lived plasmablasts, 
whereas 40% are non-dividing, long-lived plasma cells with a half-life of 6 months. 
Although anti-proliferative immunosuppressive therapy depleted short-lived plas-
mablasts, long-lived plasma cells survived and continued to produce autoantibodies 
[39]. Additionally, Cheng et al. demonstrated that autoantibodies from long-lived 
“memory” plasma cells of NZB/W F1 mice drive complex immune nephritis [40].

5.  Genetic characteristics: susceptibility loci in NZB and NZW mice and 
in the NZB/W F1 hybrid

Several chromosomal regions containing genes affecting lupus susceptibility or 
resistance have been identified pointing that murine lupus is genetically complex 
and mediated by a combination of genes.

In NZB/W F1 hybrids, genetic interactions between alleles present in NZB and 
NZW are the causes of the severe systemic autoimmunity found in these mice, due 
to the generation of a phenotype that is absent in both parental strains.

To search for contributing loci in this model of SLE, investigators backcrossed 
NZB/W F1 mice to NZW, then used brother-sister mattings to generate 27 sub-
strains, termed New Zealand mixed (NZM) mice [41]. Further analysis of these 
27 substrains led to the selection of NZM2410 as a lupus model. Susceptibility to 
lupus in NZM2410 is predominantly due to genes localized to the telomeric region 
of chromosome 1 (Sle1), the middle of chromosome 4 (Sle2), and the centromeric 
segment of chromosome 7 (Sle3) [42]. To study the contribution of each of these 
loci to pathogenesis, congenic strain construction was performed by transferring 
each of these intervals from NZM2410 onto the B6 background. Phenotypic analysis 
of congenic mice revealed that each locus contributes a unique component pheno-
type to the disease [43]. Although the B6.Sle congenic strains express phenotypes 
relevant to autoimmunity, none develop severe pathology, indicating that individual 
genes are not sufficient to cause lupus. The co-expression of these three major loci 
is necessary and sufficient for the development of a fully penetrant disease. These 
studies demonstrated that susceptibility to lupus involves both genetic interactions 
and additive effects of individual genes.

Additionally, to the Sle susceptibility loci, other loci present on chromosomes 1, 
4, 7, and 17 have been associated with susceptibility in multiple lupus-prone strains 
including the NZB/W F1 model, an indication that genes in these regions may be 
necessary for immune regulation and function.

5.1  Susceptibility loci for systemic lupus on chromosome 1: Sle1, Nba2,  
Lbw7, Sbw1, and Cgnz1

The congenic strain, B6.Sle1, develops autoantibodies against nuclear 
autoantigens and displays spontaneous T cell activation without developing 
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glomerulonephritis [44]. Fine mapping of the Sle1 locus determined that four loci 
within this congenic interval, termed Sle1a, Sle1b, Sle1c, and Sle1d, are implicated in 
the loss of tolerance to chromatin [45, 46].

Analyses of NZB congenic mice, (NZB X SM/J)F1 X NZB, revealed that the 
Nba2 lupus susceptibility locus is associated with hypergammaglobulinemia and 
the development of various autoantibodies, including anti-DNA, anti-chromatin, 
and anti-gp70 [47]. In these studies, mice congenic for the Nba2 locus did not 
develop significant renal disease on a B6 background but developed severe lupus 
nephritis when crossed with NZW mice [48], consistent with the need of multiple 
susceptibility genes for full expression of lupus.

The susceptibility loci, Sle1 and Nba2, overlap in the same region of chromo-
some 1, suggesting that some susceptibility genes may be shared among lupus-
prone strains. Within The Nba2 and Sle1 genetic segment there are genes encoding 
for the inhibitor type IIFcγR (FcγR IIB) [49], members of the SLAM/CD2 family of 
immunomodulatory receptors (Cd244, Cd229, Cs1, Cd48, Cd150, Ly108, and Cd84) 
[45] and members of the IFN-inducible (Ifi) family [48] all of which can regulate 
cell proliferation and survival. Analysis of congenic strains demonstrated that the 
presence of nuclear antigens and the severity of renal disease are linked with the 
FcγR and SLAM gene clusters with little involvement from the Ifi interval [50].

The inhibitory receptor for IgG, FcγRIIB, appears to be a fundamental regulator 
of B cell as well as myeloid cell activation [51]. Deficiencies in these routes result 
in heightened humoral and inflammatory responses, further contributing to lupus 
pathology [52].

The complement receptor 2 (CR2) gene, which encodes the complement recep-
tor type 2 that acts as a B cell co-receptor is also in the Sle1c interval [53].

Theofilopoulos and colleagues identified Sbw1 and Lbw7 in chromosome 1 
during their original linkage analysis of (NZB X NZW) F2 progeny [54]. Sbw1 
defines a locus associated with splenomegaly, while Lbw7 defines a locus associated 
with anti-chromatin autoantibodies. Lbw7 of NZW origin is likely to be identical to 
Nba2 from NZB [54]. Additionally, Cgnz1 was detected in lupus-prone NZM2338 
mice and significantly linked to chronic glomerulonephritis, severe proteinuria, and 
early mortality in female mice [55].

5.2 Susceptibility loci for systemic lupus on chromosome 4: Sle2, Nba1, Sgp4, 
Lbw2, Sbw2, and Adnz1

The congenic strain, B6.Sle2, displays lowered B cell activation thresholds coin-
cident with the appearance of polyclonal IgM in the sera and expansion of the B1a 
cell compartment, in the absence of glomerulonephritis [43]. Interestingly, combin-
ing this locus with Sle1, resulted in glomerulonephritis and enhanced mortality 
compared with the single congenic strains alone [56].

Another susceptibility locus present on chromosome 4 is the Nba1 locus from 
NZB and the Lbw2 susceptibility locus from NZB/W F1. Both are associated with 
kidney disease, while another locus, sbw2, is associated with splenomegaly. The 
Sbw2 locus mapped to the same region as Lbw2, suggesting a single locus with 
pleiotropic effects [54]. The Nba1/Lbw2 interval contains the C1qa gene encoding 
the first component of complement C1q. It has been shown that an insertion poly-
morphism in the NZB sequence upstream of C1q gene may be related to a limited 
degree of C1q production, which may confer a risk for lupus nephritis by reducing 
IC clearance and promoting IC deposition in the glomeruli [57].

Overlapping with the Nba1 locus, there is a locus designated Sgp4, which was 
linked to the production of nephritogenic gp70 antigens. Production of auto-
antibodies to the retroviral envelope glycoprotein gp70, and the generation of 
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gp70-anti-gp70 immune complexes (gp70 IC) have been implicated in the develop-
ment of nephritis in these lupus models [58, 59].

An additional study using NZM2328 mice found that the NZB-derived locus 
Adnz1 also contributed to the production of anti-DNA autoantibodies but not to 
lupus nephritis [55].

5.3 Susceptibility loci for systemic lupus on chromosome 7: Sle3, Lbw5, Nba5, 
and Aia3

Chromosome 7 contains several susceptibility genes regulating nephritis and 
autoantibodies. Among them are the Sle3 and Lbw5 loci, both derived from the 
NZW strain and the Nba5 locus from the NBW strain. A candidate gene present 
in this region is Cd22, which functions as a negative regulator of BCR signaling 
transduction.

Sle3 appears to be responsible for the hyperactive and pro-inflammatory 
antigen-presenting capacity of dendritic cells and macrophages [60].

The Nba5 susceptibility locus was associated with higher titers of anti-gp70 
autoantibodies [61], while Aia3 with autoimmune hemolytic autoimmunity in a 
linkage analysis of NZB [62].

5.4 Susceptibility loci for systemic lupus on chromosome 17: Lbw1 (MHC)

The contribution of MHC haplotype to disease was first reported in the NZB/
NZW F1 model [63]. These genes are located in chromosome 17. Several studies 
demonstrated a strong association of H2d/z heterozygosity with the development of 
SLE, indicating a co-dominant contribution from each strain, H2d from NZB and 
H2z from NZW [64].

6. Influence of sex

Differences between female and male responses to foreign and self-antigens have 
been well-documented. It was suggested that genes and hormones are involved in 
the differences found in their innate and adaptive immune responses. Generally, 
females mount higher immune responses than males, which can contribute to the 
increased susceptibility to autoimmune diseases in females [65].

Similar to humans, within the NZB/W F1 mouse model lupus develops pri-
marily in females with a lesser percentage and severity in male mice. In female 
mice, lupus signs appear after 6 months of age, with 50% mortality at 8.5 months 
and 90% mortality at 12.8 months. Male mice develop the disease after a year 
of age with 50% mortality at about 15 months of age [66]. Accordingly, early 
studies performed in NZB/W F1 mice showed that estrogen supplementation 
is associated with a worsening disease and shorter lifespan than untreated lit-
termate. In contrast, supplementation of a female with the male sex hormone 
5α-dihydrotestosterone reduce immune complex deposition and prolong survival 
despite the presence of high levels of IgG antibodies to DNA. Additionally, 
castrated or 17β-estradiol-treated NZB/W F1 male mice have an earlier onset of 
lupus and accelerated mortality, suggesting a suppressive effect of androgen [67, 
68]. Data accumulated during the past few years provide evidence that female 
hormones, particularly estrogens, promote lupus pathogenesis. However, some 
opposite results are suggesting that sexual dichotomy is due to protective effects of 
androgens. The mortality induced by estrogens may be due to toxic effects rather 
than accelerated autoimmunity [69].
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Cells of the immune system, including B cells, express the cellular receptors 
for estrogens, estrogen receptor-α (ERα), and estrogen receptor-β [70]. Global 
disruption of the ERα gene in NZB/W F1 causes a significant reduction in the 
concentration of anti-histone/DNA and anti-double-stranded DNA IgG antibod-
ies, which are associated with glomerulonephritis. This loss of tolerance was 
observed in female mice whereas, more modest effects are seen in males [71] 
suggesting that the ability of ERα signaling to enhance autoantibody production 
and lupus pathogenesis is more pronounced in females than in males. Additionally, 
specific deletion of ERα in B cells retards the production of autoantibodies and the 
development of nephritis in NZB/W F1 mice, demonstrating that ERα acts in a B 
cell-intrinsic manner to control B cell activation, autoantibody production, and 
lupus nephritis [72].

B cells with the CD5 marker, which spontaneously produce IgM, are found in 
higher numbers in NZB mice and have been implicated in lupus [73]. Treatment of 
lupus-prone female NZB/W F1 mice with tamoxifen (TAM), a synthetic antiestro-
gen with high affinity for the estrogen receptor, decreases the percentage of B cells 
and CD5+ B cells in the spleen. Also, TAM-treated mice had less severe proteinuria 
and increased survival rate compared to controls [74].

On the other hand, it has been described that NZB/W F1 males have higher 
levels of a population of Gr1highLy-6G + CD11b + myeloid cells that protect 
them against lupus development [75]. This population is testosterone-regulated 
and suppresses autoantibody production in vivo. Additionally, Gr1+ cells from 
NZB/W F1 males suppress the differentiation and effector function of CXCR5+ 
PD-1+ T follicular helper cells, germinal center formation, and plasma cell dif-
ferentiation [76].

Since sex hormones can bind transcription factors, they might affect autoimmu-
nity via their effects on gene transcription. Accordingly, it has been demonstrated 
that estrogen upregulates the expression of IFN-γ through the ERα [71].

Additionally, the expression of interferon regulatory factor 5 (IRF5), a lupus 
susceptibility factor that controls the expression of type I IFNs, is higher in NZB/W 
F1 females than in males. IRF5 expression also depends on ERα expression, because 
of splenic cells from ERα knockout female express lower levels of IRF5 [77]. This 
suggests a (positive) feedback loop between the IFNs and estrogens since activation 
of type I IFNs or IFN-γ signaling upregulates the expression of ERα [78].

Other studies have provided evidence that lupus-associated miRNAs are 
differentially expressed in splenocytes of NZB/W F1 male and female mice. 
Additionally, these miRNAs were upregulated by estrogen treatment [79]. miRNAs 
regulate the expression, mainly at the post-transcriptional level, of some genes 
that are important in the development of the innate and adaptive immune system 
and the maintenance of immune homeostasis. Dysregulation of miRNAs impacts 
the function of different types of immune cells causing a breakdown of immune 
tolerance and ultimately the development of autoimmune-related disorders such as 
SLE [80].

7. Treatment of murine SLE

Different treatments to improve lupus have been evaluated in the NZB/W F1 
murine model. In this section, we will review some well-documented procedures.

Interleukin-6 (IL-6) is a multifunctional cytokine synthetized by macrophages, 
monocytes, and B and T cells. IL-6 is critical for B cell differentiation and matura-
tion, immunoglobulin secretion, cytotoxic T cell differentiation, acute-phase 
protein production, bone marrow progenitor stimulation, renal mesangial cell 
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proliferation, and macrophage/monocyte functions. Lupus mice treated with 
anti-IL-6 mAb reduce B cell proliferation, the ds-DNA antibodies production, 
and kidney damage [81]. Additionally, treatment with antibodies against the IL-6 
receptor (IL6R-mAb) inhibits the production of anti-DNA and anti-TNP IgGs 
antibodies, and consequently, this treatment increases the survival of the mice [82]. 
Tocilizumab, an anti-IL6R-mAb commercialized mainly for the treatment of rheu-
matoid arthritis [83], has been evaluated in SLE patients. This procedure decreases 
anti-dsDNA antibody levels and circulating plasma cells and improves arthritis and 
medical scores [84].

Interleukin-10 (IL-10) is a cytokine produced by subsets of activated T cells and 
macrophages. It mediates a variety of both immunostimulatory and immunosup-
pressive properties. IL-10 neutralization with anti-IL-10 delays the onset of the 
disease, increasing survival from 10 to 80% in mice at 9 months. Autoimmunity 
protection by IL-10 antagonism appeared to be due to an upregulation of endog-
enous tumor necrosis factor alpha (TNF-α) [85].

TNF-α is a pleiotropic cytokine with immunostimulatory and proinflam-
matory activities. TNF-α stimulates T and B cell proliferation, immunoglobulin 
synthesis, enhances natural killer (NK) cell activity, and boosts neutrophil 
activation. The NZB/W F1 mice have reduced levels of TNF-α, and their treat-
ment with recombinant TNF-α increased their survival [86]. Infliximab, a TNF-α 
blocking antibody, was evaluated in short- and long-term therapy in SLE patients 
showing several adverse effects in long-term therapy [87]. Infliximab and 
Etanercept are another TNF-α blockers commercialized mainly to treat rheuma-
toid arthritis [88, 89].

Type I interferons (IFN) are primarily regarded as inhibitors of viral replica-
tion. However, type I IFN, mainly IFN-α, plays a major role in activation of both 
the innate and adaptive immune system [90]. IFN-α signature precedes the onset 
of lupus in NZB/W F1 mice and in humans. Treatment with a vaccine that induces 
the secretion of anti-IFN-α neutralizing antibodies causes a delay in proteinuria 
development, low deposits of immune complexes, and increases survival [91]. 
Two antibodies against IFN-α, Sifalimumab and Rontalizumab, evaluated in SLE 
patients correlate with improvements in disease activity [92, 93].

BAFF is a B cell-activating factor essential for the survival of B cells. BAFF is 
produced predominantly by myeloid cells and binds to three distinct receptors on the 
B cell surface; the transmembrane activator and calcium modulator ligand interactor 
(TACI), the B cell maturation antigen (BCMA), and the BAFF receptor. Treatment 
with soluble TACI-Ig fusion protein inhibits the development of proteinuria and pro-
longs animal survival [94]. Besides, a short course of TACI-Ig and CTLA4-Ig induces 
a profound depletion of splenic B cells, prolong life, and even reverse proteinuria 
in aged NZB/W F1 mice [95]. Atacicept is a recombinant fusion protein that blocks 
activation of B cells by binding to TACI ligands. In SLE patients, the Atacicept treat-
ment favors the reductions in disease activity and severe flares [96].

CD20 is a transmembrane phosphoprotein specifically expressed on B cells. 
Depletion of B cells with a monoclonal antibody against CD20 favors the survival 
of aged NZB/W F1 mice [97]. Rituximab, an anti-CD20 monoclonal antibody fre-
quently used in SLE patients improves lupus nephritis, arthritis, serositis, cutane-
ous vasculitis, mucositis, rashes, fatigue, and neurologic symptoms [98]. Although 
rituximab’s mechanisms of action are not known, its effects are likely mediated by 
antibody-dependent cell-mediated cytotoxicity and the induction of apoptosis on 
B cells [99].

Mammalian target of rapamycin (mTOR) is a protein kinase that regulates 
different cellular processes such as cell proliferation, growth, motility, cell survival, 
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protein synthesis, and transcription. NZB/W F1 mice treated with rapamycin 
(a drug used in rejection prophylaxis in solid organ transplantation) from 12 to 
37 weeks of age inhibit the production of autoantibodies, development of pro-
teinuria, and prolong mouse survival [100]. Moreover, in mice with established 
nephritis, rapamycin suppressed the interstitial infiltration of T cells, B cells, and 
macrophages [101].

Antigen presentation process involves costimulatory molecules CD28, and 
CTLA4 expressed on T cells, representing activation or inhibitory signals to T 
cells. CD28 and CTLA4 bind with medium or high affinity, respectively to B7, 
i.e., expressed on antigen-presenting cells (APCs) [102]. Abatacept is a fusion 
CTLA4-Ig protein that interrupts the interaction of B7 with CD28. NZB/W F1 mice 
that express murine CTLA4-Ig exhibit an improvement in all of lupus symptoms 
increasing survival [103]. In humans, Abatacept is mainly used in rheumatoid 
arthritis [104], although there are some SLE studies, one of them showing improve-
ment in skin lesions in SLE patient [105].

Based on studies done in mouse models, most clinical trials have focused on 
agents that control B and T lymphocytes activations and functions. Figure 1 shows 
some therapeutic targets investigated in mouse models of SLE (as described in  
[82, 85, 91, 95, 97, 103, 106–110]), many of which where then follow up in clinical 
trials [88, 89, 92, 98, 104, 111–118].

Figure 1. 
Immune cells contribution to SLE and potential targets for lupus therapies, as tested in mouse models: 
Defects in phagocytosis of apoptotic cells leads to the presentation of autoantigens by APC to naive CD4 
T cells. Activated T cells help the differentiation of B cell into plasma cells that secrete high levels of 
autoantibodies. These autoantibodies form immune complexes by binding to autoantigens, and engaging Fcγ 
receptors on different cell types. This supports inflammation and tissue destruction through the recruitment 
of inflammatory cells to tissues. APC: Antigen-presenting cell, IC: Immune complexes, mAb: monoclonal 
antibody. Texts on the right side of the figure show the different targets tested for lupus therapy. Drug names 
are shown in brackets
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8. Conclusions

The spontaneous mouse model of lupus NZB/W F1 has been important to 
elucidate the pathogenesis of SLE. In this model, the lupus-like phenotypes include 
lymphadenopathy, splenomegaly, elevated serum antinuclear autoantibodies 
including anti-dsDNA IgG, and immune complex-mediated glomerulone-
phritis that are remarkably similar to the pathology described in human lupus. 
Consequently, it has provided a powerful tool to our knowledge on human lupus 
disease and the development of novel therapies. Additionally, similar to humans, 
lupus develops primarily in female NZB/W F1 mice with lesser percentage and 
severity in male. The female predominance of the disease remains poorly under-
stood; however, hormonal contributions to immune system activation and X 
chromosome gene-dose effect have been proposed to be the important contributor 
to sex bias [66]. On the other hand, unlike SLE patients, NZB/W F1 mice do not 
manifest skin disease or arthritis [3].

Furthermore, human and murine lupus is characterized by a deregulation in 
autoreactive T helper cells, B and DC cells activation, and cytokine production. 
Defective function of regulatory T cells, inefficient clearance of immune complex 
and biological waste, nucleic acid sensing and IFN production pathways are also 
involved in the loss of tolerance and tissue damage associated to lupus [119]. 
The use of mouse models has allowed the study of the mechanisms involved in 
the cellular immune abnormalities, providing a powerful tool to identify novel 
pathways and targets for disease therapies. Several components of the immune 
system, such as cytokines, B cells, T cells, and hormones have been identified as 
potential targets for novel drugs. The side effects, dosage regimens, and response 
to treatment are first tested on murine models of lupus prior they go to clinical 
trials. Murine models of disease represent genetically homogeneous populations 
and in contrast to humans that take chronic doses of immunosuppressant, they 
allow for examination in the absence of any therap. Despite favorable results in 
mouse studies, many therapies have failed to meet clinical end points. This is 
probably because of the complexity of the disease, which involves the contribu-
tion of environmental and genetic susceptibility factors [119]. However, some 
of the therapeutic approaches have been successful recommended for SLE treat-
ment, like Belimumab, a humanized monoclonal antibody directed against B cell 
activating factor. Additionally, other available agents such as rituximab, tacroli-
mus, azathioprine, methotrexate, cyclophosphamide, and mycophenolate mofetil 
are widely used off-label in SLE [9, 120].

The use of murine models has identified several novel candidate genes, and 
some of them have been associated to SLE in humans. An important contribution 
of the genetic studies in NZB/W F1 was the identification, in chromosome 1, of 
Sle1 and Nba2 loci, which are responsible for the production of autoantibodies. 
Sle1 and Nba2 encode members of the FcγR, SLAM, and IFN-inducible receptor 
families.

As sustained above, all the mouse models, and specifically the NZB/W F1, have 
the benefit of having a shorter evolution of the disease, allowing to investigate the 
full progression of the disorder and its pathophysiology and to test for possible 
therapies in a much shorter time period. In spite of their limitations and the fact 
that one cannot readily extrapolate to the human disease, mouse models of lupus 
have significantly helped researchers to advance our knowledge on this syndrome, 
adding relevant data on the pathogenesis of lupus and providing investigators with 
a valuable preclinical model for the design of future therapies. In spite of the vari-
ous differences found between the human and mouse immune systems, there are 
sufficient similarities in the manifestation of the disease to be optimistic regarding 
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the use of this mouse model to further advance in our understanding of the physiol-
ogy of the human disease and the formulation of creative new therapies.
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Abstract

Systemic lupus erythematosus (SLE) is a multisystemic autoimmune disorder 
that predominantly affects women in reproductive years. Immunologic and hor-
monal adaptations during pregnancy focused on creating an ideal environment 
to achieve a successful pregnancy represent a challenge in SLE women as they can 
influence on disease activity and outcomes during pregnancy. Several disease-
related factors such as the presence of antiphospholipid antibodies and anti-SSA/Ro 
can also impact in the risk of pregnancy adverse outcomes and neonatal complica-
tions. Lupus nephritis and preeclampsia share clinical and laboratory features hin-
dering differentiation between both entities. Contraception constitutes a relevant 
topic in SLE patients to prevent unplanned pregnancies during periods of disease 
activity or potentially teratogenic drug exposure, but its potential risk on disease 
flares and thrombotic events is the main concern. Finally, fertility in patients with 
SLE can be affected by the use of drugs related to infertility that lead to premature 
ovarian failure. Recently, assisted reproduction technologies have emerged as a safe 
option in patients with SLE.

Keywords: systemic lupus erythematosus, pregnancy, pregnancy adverse outcomes, 
neonatal lupus, contraception, antiphospholipid antibodies, anti-SSA/Ro

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic multisystemic autoimmune 
disease, with a remitting and relapsing course. It mainly affects young women of 
reproductive age, so addressing issues such as pregnancy, fertility, and reproductive 
aspects is an essential part of the comprehensive management of these patients.

In the last decades, diagnostic and therapeutic strategies for SLE and conse-
quently the management of pregnancy have improved. Despite these advances, 
pregnancies in SLE patients are still considered a high-risk condition due to an 
increased risk of major obstetrical and neonatal complications.

Pregnancy represents a critical period in women’s life due to profound immuno-
logical and hormonal changes that mostly occur to tolerate the fetus. The interac-
tion of SLE and immunologic adaptations of pregnancy lead to unique challenges 
in this setting, as alterations in immune mechanisms can have consequences both 
for the fetus, including a risk of miscarriage or neonatal lupus, and for the mother, 
including disease flare.

A close relationship between pregnancy and disease flares has been established. 
The association of SLE and pregnancy, mainly with active disease and lupus nephri-
tis, has poorer outcomes, with increased frequency of preeclampsia (PE), fetal loss, 
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preterm birth, and intrauterine growth restriction. On the other hand, pregnancy 
impacts on maternal disease and can be associated with disease flares requiring 
immunosuppressive therapy.

This chapter will address the immunological and hormonal adaptations dur-
ing normal pregnancy and the differences between healthy pregnant women and 
women with SLE. Later, we will focus on the relationship between lupus activity 
and pregnancy and the impact of SLE on pregnancy outcomes.

2. Interaction between pregnancy and systemic lupus erythematosus

2.1 Immunologic and neuroendocrine environment in pregnancy

Pregnancy represents a major immunological challenge for the maternal body 
due to fetal expression of paternal antigens. The maternal immune system has to 
balance the opposing needs of maintaining robust immune reactivity to protect 
both the mother and the fetus from invading pathogens while at the same time 
tolerating highly immunogenic paternal alloantigens to sustain fetal integrity [1].

In order to protect the fetus from an attack of the maternal immune system, 
pregnancy induces profound immune and neuroendocrine changes in the maternal 
body [2]. Modulation of the function and composition of the different cellular com-
ponents and immunomodulatory molecules occur during pregnancy in the mother. 
Also, immune tolerance to paternal antigens is promoted by migration of fetal cells 
and cell-free DNA to the maternal circulation during pregnancy, which can remain 
with the mother for decades [3].

During pregnancy, a shift of cytokine profile toward a T-helper 2 (Th2) response 
instead of Th1 was considered one of the most important immunological modi-
fications. Suppression of Th CD4+ cells (Th1 response) in uncomplicated human 
pregnancy and Th1 polarization in patients with reproductive failure has supported 
the concept of successful pregnancy as a Th2 phenomenon proposed by Wegmann [4].  
However, recent extensive research on the physiology of pregnancy has shown that 
the hypothesis that pregnancy is warranted by Th1/Th2 shift is simplistic [5].

During the different stages of pregnancy, cytokine production at the feto-
maternal interface is regulated to create optimal conditions for fetal development. 
Interferon (IFN)-γ and TNF-α, both cytokines secreted by Th1 cells and major con-
tributors to Th1 immune response, are necessary during early stages of pregnancy 
for successful implantation and placenta development but later in pregnancy could 
be detrimental and result in pregnancy loss [2]. Chorionic villous tissue expresses 
not only Th2-type cytokines but also IL-1 β and TNF-α in the first trimester [6]. On 
the other hand, high expression of IL-10, a pleiotropic cytokine with both immune 
stimulatory and immune suppressive functions, is present in the human placenta at 
term [7].

In line with local cytokine modulation and as a reflection of systemic effects of 
pregnancy, cytokine secretion in peripheral blood mononuclear cells (PBMC) changes 
during pregnancy. In vitro assays from whole blood of healthy pregnant women have 
shown a diminished pro-inflammatory response, with a decrease of TNF-α, IL-1β, 
and IL-6, while IL-4 and IL-10 remain stable during pregnancy [8]. During the third 
trimester, a reduction of IL-12 and TNF-α production was detected in monocytes from 
healthy pregnant women compared to postpartum values [9]. An increase of IL-4-
secreting PBMC, but not of IFN-γ-positive cells, was found in the second and third 
trimesters of pregnancy in healthy women after stimulation with paternal antigens 
[10]. The same group found significantly higher numbers of IFN-γ- and IL-4-secreting 
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PBMC in all three trimesters of pregnancy and also postpartum than the nonpreg-
nant controls, indicating a systemic upregulation of both Th1- and Th2-like immune 
responses during normal pregnancy [11].

Besides cytokines, regulatory molecules that modify cytokine actions such as IL-1Ra 
and IL-6R have been found to be increased in serum of pregnant women, as well as 
levels of IL-6 and IL-1. Likewise, levels of soluble TNFR were found significantly 
increased in the second and third trimesters of pregnancy compared to nonpregnant 
values [3]. Thereby, both Th1- and Th2-type cytokines are important players of immune 
adaptation to pregnancy at local and systemic levels. Its production is adjusted to the 
different stages of pregnancy and, in addition with upregulation of cytokine-regulating 
molecules, can exert an ideal environment to achieve a successful pregnancy.

Pregnancy also induces substantial changes in hormone levels, which have pow-
erful effects on blood cells as they can regulate their proliferation, distribution, and 
function. Estrogens enhance antibody production, Th2-type immune responses, 
and B-cell immunity [7]. At high concentrations, such as those found in pregnancy, 
estrogens and gestagens stimulate the secretion of IL-4, IL-10, TGF-𝛽𝛽, and IFN-𝛾𝛾 
while simultaneously suppressing production of TNF-α [3, 12].

Therefore, pregnancy influences the interaction between neuroendocrine and 
immune systems both locally and systemically with a fine balance that creates optimal, 
but not uniform conditions at the feto-maternal interface and in the maternal circulation.

2.2 Maternal tolerance to the fetus in normal pregnancy

Although localized mechanisms at the maternal-fetal interface contribute to 
fetal evasion from an immune attack, several additional mechanisms operate during 
pregnancy and help the fetus to evade maternal immune response.

In this context, regulatory T (Treg) cells have been shown to play a pivotal role 
in maternal-fetal tolerance. These Treg cells, a subset of suppressor CD4+ CD25+ 
cells, play a dominant role in the maintenance of immunological self-tolerance by 
preventing immune and autoimmune responses against self-antigens. In recent 
years, it has been observed that Treg cells are essential in promoting fetal survival, 
avoiding the recognition of paternal semi-allogeneic tissues by maternal immune 
system, a critical step for successful pregnancy [13, 14].

In healthy pregnant women, CD4+ CD25+ Treg increases rapidly in peripheral 
blood peaking at midgestation coinciding with the time of maximal trophoblast 
invasion and decreasing after delivery to prepregnancy levels [15]. Levels of Treg 
cells within the decidua, which represents the maternal-fetal interface, are elevated 
compared with those in the peripheral blood. The increase in Treg cells emphasizes 
the potential role for these cells in the successful development of the placenta by 
ensuring fetal tolerance [16].

Expansion of Treg cells is not only due to hormonal changes occurring during 
pregnancy, but can be driven by several other factors like decidual peptides, fetal 
antigens, and seminal fluid. Indeed, Treg cells act in an antigen-specific manner as they 
are specifically activated by MHC paternal antigens, but once activated they are able to 
exert suppressive effects on other local cells in an antigen-independent manner [16, 17].

The exact mechanism by which Treg cells exert their suppressive activity during 
pregnancy is not completely clear but is likely to be mediated by cell contact-
dependent and cell contact-independent manipulations of dendritic cells (DCs) 
and effector Th cells, as well as direct cytolytic activity on DCs and modulation of 
the local metabolic environment [1, 17]. Recent data support the capacity of Tregs 
to block maternal effector T cells, thereby reducing the maternal-fetal pathological 
responses to paternal antigens [18].
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A prospective observational study of 101 women who underwent in vitro 
fertilization (IVF) showed an increased level of circulating Treg cells in pregnant 
women. A higher percentage of Treg in peripheral blood was associated with 
increased rates of pregnancy and live birth [19]. On the other hand, deficit in Treg 
cell number in the decidua and maternal peripheral blood has been associated with 
complications such as unexplained infertility, miscarriage, and preeclampsia [1, 13]. 
These observations support the Need for a substantial increase in Treg cell numbers 
for a successful pregnancy.

Interestingly, during pregnancy a bidirectional exchange of cells at the maternal-
fetal interface occurs, so maternal cells can cross the placenta and engraft in fetal 
lymph nodes in utero, a phenomenon called maternal microchimerism. Human 
fetal T cells are responsive against maternal alloantigen, but a pool of fetal Treg 
cells actively suppresses their function. Maternal microchimerism has been shown 
to induce development in utero of fetal Treg cells that suppress fetal antimaternal 
immune response, indicating a mechanism that promotes tolerance toward mater-
nal antigens by the fetus [14, 20].

Besides Th1 and Th2 cells, there is a third subset of CD4+ T-helper cells called Th17 
cells, which, like Treg cells, are implicated in pregnancy and maternal immune toler-
ance to the fetus [14]. These Th17 cells are defined by their ability to produce IL-17, a 
pro-inflammatory cytokine that promotes development of Th17 cells and interestingly, 
in the presence of a tolerance milieu, drives differentiation to Treg cells [21]. Both 
Treg and Th17 cells require transforming growth factor beta (TGF-β) for differentia-
tion, but the copresence of IL-6 favors differentiation of pathogenic Th17 cells as it 
can inhibit the generation of FoxP3+ in Treg cells induced by TGF-β [22]. Th17 cells 
promote inflammation and generally have opposing actions to Treg cells so a reciprocal 
relationship between these two subsets of Th cells has been described [21].

The presence of Th17 cells in human decidua of healthy pregnancies was investi-
gated. The first-trimester human decidua displayed a local expansion of Treg cells, 
while a low occurrence of Th17 cells was observed, which suggests that the inverse 
relationship between Treg and Th17 cells seems to be maintained at least in early 
stages of pregnancy [23].

On the other hand, increased numbers of Th17 have been found in obstetric 
complications such as preeclampsia and recurrent pregnancy loss (RPL). A signifi-
cant increase of Treg FoxP3+ to IL-17-expressing CD4+ T cell ratio in peripheral 
blood at the third trimester of healthy pregnancy was reported, while an absence of 
a reduction of IL-17 production toward a FoxP3+ expression was observed in pre-
eclamptic pregnancies [24]. In line with these observations, a later study reported 
an increased prevalence of IL-17-producing circulating T CD4+ and CD8+ cells in 
preeclampsia, demonstrating a shift in the Th17/Treg balance in this pregnancy 
complication [25].

Also, the proportion of Th17 cells in peripheral blood and decidua was signifi-
cantly higher in unexplained RPL patients compared to normal pregnant women. 
As reported in preeclamptic pregnancies, there was an inverse relationship between 
Th17 cells and Treg cells in peripheral blood and decidua in unexplained RSA [26]. 
Another study showed an accumulation of IL-17-producing cells in decidua of 
inevitable abortion cases compared to normal pregnancies and missed abortions [27].  
Therefore, there is evidence suggesting that balance between Th17 cells and Treg 
cells may be critical to pregnancy outcomes.

2.3 SLE pregnancy vs. normal pregnancy

Differences in sex steroid hormones during pregnancy have been observed in 
patients with SLE compared to healthy women. In a prospective study, pregnant 
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lupus patients presented lower levels of estradiol and progesterone in the second 
and most of the third trimester of pregnancy [28]. The inability to produce high 
concentrations of these sex hormones during the last two trimesters of pregnancy 
could be due to placental insufficiency, which in turn can be implicated with the 
elevated rate of fetal loss in SLE patients [29].

Levels of certain cytokines involved in the humoral immune response have been 
shown to be modified in the peripheral circulation of pregnant SLE patients. Serum 
levels of IL-6, a cytokine necessary for T cell help for B cells and proliferation of 
plasma cells, are lower than expected in the third trimester of gestation. Higher 
levels of IL-10 before conception through pregnancy and postpartum in lupus 
patients compared to healthy controls have been observed, suggesting a consti-
tutional overproduction of IL-10 in SLE patients resulting in a continuous B-cell 
stimulation. Furthermore, levels of soluble TNF receptor I (sTNFR I) and IL-10 are 
significantly higher during pregnancy and postpartum in pregnant patients with 
active SLE compared to healthy controls [28].

Cytokine profile of PBMC in SLE and rheumatoid arthritis (RA) pregnant 
women was investigated in a prospective study by assessing cytokine messenger 
RNA (mRNA) expression using quantitative PCR. TNF-α was the most abundant 
cytokine mRNA expressed in PBMC in all three groups studied (healthy pregnant 
women, RA, and SLE pregnant patients). However, in RA and SLE patients, a 
general Th2 response reflected by high IL-10 levels was found [30].

Several studies have investigated the phenotype and function of Treg cells in 
patients with SLE. Most of the studies have shown a decrease in Treg cell numbers 
in SLE patients and a negative correlation with disease activity [16, 31–33]. In addi-
tion to the reduced number of Treg cells, some data suggest an impaired function 
of Treg in SLE like a reduced migratory ability [34]. Also, a defect in T-cell suppres-
sion has been observed in SLE, although this defect seems to be due to effector cell 
resistance rather than a reduced Treg suppressor capacity [35].

A pilot study have shown that circulating CD4+ CD25+ FOXP3 Treg cell num-
bers are markedly reduced in nonpregnant women with SLE compared with healthy 
controls. Treg levels remained depleted in SLE patients when pregnant, while 
those in healthy individuals raised, peaking at 10–12 weeks of gestation. Lower 
quantity of Treg cells was evident regardless of disease activity and medication in 
SLE patients [21]. So, considering the essential role of Treg cells at early stages of 
pregnancy and its implication for immune tolerance, defective functioning and 
decreased number of Treg cells could predispose women with SLE to pregnancy 
complications.

There is little work investigating the presence of Th17 cells in pregnant SLE 
patients, although a study supports an imbalance between Treg and numbers of 
Th17 cells in active SLE. An inverse correlation between Treg/Th17 ratio with sever-
ity of active SLE and anti-DNA antibody levels was reported [36]. Disease flares and 
severe complications of SLE, such a lupus nephritis, seem to be associated with a 
decrease in FoxP3+ Treg cells and an increase in Th17 cells [37, 38]. In a longitudinal 
study that evaluated the changes of serum IL-17 and other cytokines in SLE preg-
nant woman during pregnancy, serum IL-17 concentrations were higher in SLE than 
in controls with no changes during pregnancy [36].

As discussed previously, TGF-β is essential for the differentiation of both Treg 
cells and Th17 cells. In a large cohort study, reduced levels of TGF-β were associated 
with increased SLE activity [39]. Although TGF-β influence in reproduction and 
complications in pregnancy is not clear, a possible role in trophoblast invasion has 
been proposed as low levels of TGF-β in the second trimester of pregnant woman 
have been associated with an increased risk of developing preeclampsia [16]. 
Clearly, more studies are needed to understand the role of Treg/Th17 imbalance 
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in SLE pregnancies and its possible implications in the risk of maternal-fetal 
complications.

As mentioned above, pregnancy induces important hormonal changes. Prolactin 
(PRL) levels increase progressively during pregnancy and lactation in order to 
stimulate the synthesis of milk in the mammary glands [42]. Elevated levels of PRL 
have been found in almost one third of SLE patients, and higher levels during the 
second and third trimesters have been associated with clinical activity and poor 
maternal and fetal outcome [40, 41]. On the other hand, the presence of anti-PRL 
autoantibodies in 13.1% of pregnant patients with SLE has been reported. Likewise, 
a lower frequency of maternal and fetal complications in SLE patients than those 
without these antibodies was reported [41].

Therapeutic blockade of PRL with bromocriptine (BRC), a dopamine analog 
that suppresses PRL secretion, has been evaluated to prevent lupus relapses 
during pregnancy and postpartum. A pilot study explored the use of BRC 
between 25 and 35 weeks of gestation in two groups of ten pregnant SLE patients 
each. No patient in BRC group had disease flares, and there were lower adverse 
maternal and fetal outcomes in the treatment group than the group that did not 
receive BRC during pregnancy [42]. More recently, a randomized clinical trial 
evaluated the use of BRC in the postpartum of 76 SLE pregnant women. BRC 
administration for 2 weeks after delivery reduced the disease relapse rate of the 
treatment group [43].

So, results from clinical studies support the contribution of PRL to complica-
tions in pregnant SLE women and a possible role of BRC in the prevention of 
disease relapses during pregnancy and postpartum.

3. Influence of pregnancy in SLE outcomes

The critical immunologic adaptations during pregnancy and postpartum can 
impact maternal autoimmune diseases in several ways. One is triggering the onset 
of an autoimmune disease in postpartum or influencing disease activity of an 
established disease. In this manner, disease response to complex pregnancy changes 
depends on its pathophysiology [2].

As seen before, steroid hormones and cytokine profiles differ in SLE patients 
compared with healthy women during pregnancy leading to a dysregulation of 
the balance between cell-mediated and humoral immune responses, which could 
explain the variability of the SLE course during gestation [44]. Since SLE is con-
sidered mainly a Th2-mediated disease, pregnancy-related changes could trigger 
disease onset or increase the risk of disease exacerbations during this period [45]. 
Also, hormones such as estrogen and prolactin could play a role in amplifying the 
inflammatory effect that characterizes lupus relapses. In murine models, increasing 
doses of estrogen, like those seen in pregnancy, promotes physiological and immu-
nological changes associated with increased lupus activity [46].

3.1 Lupus activity and its relationship with pregnancy

Whether SLE activity increases during pregnancy or not has been previously 
debated in the literature. The majority of prospective studies in SLE pregnancies 
have shown that the risk of disease flare is higher during pregnancy, although some 
discrepancies exist due to heterogeneity of lupus flare definition and tools used 
to assess lupus activity [2]. Newer studies using validated instruments for disease 
activity assessment have found a two–threefold increase in SLE activity during 
pregnancy [47, 48]. Even though SLE flares occur at any time during pregnancy, 



57

Reproductive Environment in Patients with SLE
DOI: http://dx.doi.org/10.5772/intechopen.85391

most of these flares are considered mild to moderate in severity and may include 
renal, hematological, and musculoskeletal systems. Likewise, previous organ 
involvement predicts the same type of condition during pregnancy, particularly in 
the case of renal, hematological, and cutaneous activity [36].

Disease activity at conception and in the previous 6 months, both clinical and 
serological, is a key predictor not only for obstetrical complications but also of 
SLE flares during pregnancy. Prospective studies of pregnant lupus patients have 
reported some risk factors for SLE activity during pregnancy: a high number of 
relapses prior to pregnancy, high SLEDAI index before pregnancy, and preconcep-
tion SLE activity [46, 49]. In fact, the risk of severe lupus flare is increased about 
seven times in patients with active SLE at conception [50]. Moreover, SLE disease 
activity immediately prior to pregnancy also impacts on damage accrual after 
pregnancy [51].

Besides disease activity at and before conception, several predictors for 
flares in pregnant patients have been described. A prospective evaluation of 254 
patients found that discontinuation of hydroxychloroquine (HCQ ) was associated 
with a higher degree of lupus activity (measured by SLEDAI) during pregnancy 
as well as an increased rate of flare during this period. On the contrary, women 
who continued taking HCQ required lower average dose of prednisone during 
pregnancy [52].

In addition, primigravity seems to influence the risk of lupus flares during 
pregnancy. A retrospective analysis of 124 pregnancies found that the first preg-
nancy in SLE women was associated with an increased risk of relapse at any level, 
particularly in the kidney [53].

On the other side, SLE activity during or prior to pregnancy is associ-
ated with several maternal and fetal complications such as fetal loss, preterm 
birth, intrauterine growth retardation (IUGR), and hypertensive complica-
tions. Previous renal disease is also a risk factor for obstetric complications 
like PE, fetal loss, IUGR, and premature birth. Therefore, early identification 
and prompt treatment in pregnant women with lupus activity are essential to 
improve pregnancy outcomes [49]. However, recognition and management 
of disease flares during pregnancy can be challenging due to the physiologi-
cal changes that occur during this period, which can overlap with clinical and 
laboratory features of active SLE [46]. For this reason, clinical data and labora-
tory findings in pregnant patients with SLE should be interpreted with caution. 
Thrombocytopenia, mild anemia, and increased erythrocyte sedimentation rate 
(ESR) often occur during normal pregnancy. In addition, complement levels 
are less reliable to identify or support the suspicion of disease activity due to 
its physiological increase during pregnancy, although a decrease in C3 and C4 
titers as well as an increase in anti-DNA antibodies may be useful to differentiate 
complications such as preeclampsia and SLE activity.

3.2 Lupus nephritis, pregnancy, and hypertensive complications

Lupus nephritis is among the findings that most often induces increased mor-
bidity and mortality during pregnancy. Indeed, lupus nephritis, especially active at 
the time of conception, has been associated with an increased risk of relapse during 
pregnancy. A higher risk of SLE activity has been reported, particularly renal flares, 
in pregnant patients with previous nephritis compared to those patients without 
history of renal involvement [54]. However, a recent prospective multicenter study 
did not find an increased risk of renal flares during pregnancy in patients with a 
history of previous renal activity and clinically active lupus nephritis at concep-
tion. Instead, history of renal flares before pregnancy predicted hypertensive 
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complications such as preeclampsia (PE) [55]. A meta-analysis of 37 studies 
reported lupus nephritis flare in 16% of pregnant lupus patients and confirmed the 
association of lupus nephritis at conception with an increased risk of hypertension 
during gestation. Adverse outcomes in pregnant patients with lupus nephritis were 
also related to hypertension and presence of antiphospholipid antibodies [56]. 
Moreover, the onset of PE seems to occur at earlier weeks of gestation in lupus 
nephritis patients compared to SLE patients without renal involvement [57].

Preeclampsia is a syndrome unique to pregnancy that manifests with hyperten-
sion and proteinuria and resolves following delivery. Besides classical risk factors 
in general population, diseases that promote endothelial dysfunction including 
SLE increase the risk of preeclampsia. Among lupus pregnancy cohorts, the rate of 
preeclampsia ranges varies widely. Whereas a meta-analysis of lupus pregnancies 
reports a preeclampsia rate of 7.8%, other studies suggest that it can be twice as 
high, particularly in women with nephritis [29, 56]. Dysfunctional angiogenesis 
leading to an impair in placental development has been implicated in pathogenesis 
of preeclampsia. Several markers in maternal serum like VEGF, placental growth 
factor (PlGF), and soluble fms-like tyrosine kinase (sFlt-1) have been found to 
be predictive of preeclampsia in lupus patients. Lower than expected levels of 

Features Preeclampsia Lupus nephritis

Timing in pregnancy >20 weeks of gestation Throughout gestation and 
postpartum

Physical findings

- Hypertension  
(BP >140/90)

Present Present

- Edema Present Present

- RUQ tenderness May be present Absent

- Visual symptoms/seizures Present with severe features Absent

Lupus activity

- Fever Absent Present/absent

- Malar rash Absent Present/absent

- Arthralgias/arthritis Absent Present/absent

- Oral ulcers Absent Present/absent

Laboratory findings

- Proteinuria Present >20 weeks Present <20 weeks

- Active urinary sediment Absent Present

- Increased creatinine Usually normal May be increased

- Complement Normal/increased Normal/decreased

- Anti-dsDNA Absent May be increased

- aPL antibodies Absent May be present

- Abnormal LFTs Present with severe features Absent

Renal biopsy findings Endothelial cell swelling, loss of 
fenestrations, occluded capillary lumen, 
rare thrombi

WHO class II to class VI 
lupus nephritis
Thrombi and vascular 
changes with aPL

Data from [60, 61]. BP, blood pressure; RUQ , right upper quadrant; anti-dsDNA, anti-double-stranded DNA; aPL, 
antiphospholipids; LFTs, liver function tests

Table 1. 
Clinical, laboratory, and renal biopsy findings in preeclampsia and lupus nephritis during pregnancy.
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proangiogenic factors VEGF and PlGF and high levels of antiangiogenic factor 
sFlt-1 seem to reflect poor placental perfusion and impaired angiogenesis in the 
rapidly growing placenta [29].

Similar to what happens in lupus flares during pregnancy, distinguish clinical 
indicators of lupus nephritis from pregnancy physiological features, and those 
related preeclampsia can be a complex task. In the first trimester of pregnancy, 
maternal systemic circulation suffers remarkable physiological vasodilation 
conditioned by relaxin, a hormone produced by the corpus luteum. As a result 
of systemic vasodilation, glomerular filtration rate (GFR) elevates, and serum 
creatinine consequently diminishes making it more difficult to identify a renal 
compromise in a timely manner [58]. Urine protein excretion is also increased 
during pregnancy, so isolated elevation of proteinuria is not necessarily indicative 
of active nephritis [7].

Besides physiological changes induced by pregnancy, PE and LN share some 
clinical and laboratory features like hypertension, proteinuria, and edema, making 
it difficult to distinguish between the two entities. This distinction is critical since 
management differs significantly; while LN requires immunosuppressive treat-
ment, in severe PE delivery may be indicated. A detailed evaluation of biomarkers 
of SLE activity as anti-dsDNA, the low level of complement, active urine sediment 
(red cells, white cells, and cellular casts), and the presence of extrarenal SLE 
manifestations may be helpful in the differential diagnosis. In contrast, in pregnant 
women with a gestational age greater than 22 weeks and absence of sign of SLE 
activity, the diagnosis of PE is very likely [59].

Clinical, laboratory, and renal biopsy features present in PE and LN are shown 
in Table 1.

4. Impact of SLE on pregnancy outcomes

Despite diagnostic and therapeutic advances, pregnancies in SLE patients are 
still considered a high-risk condition due to an elevated risk of major obstetric and 
neonatal complications. A population-based study from 2000 to 2003 found that 
maternal mortality was 20-fold higher among women with SLE. The risk for serious 
medical and pregnancy complications during pregnancy was also three- to seven-
fold higher for SLE women than the general population [62].

In recent years, outcomes during pregnancy in patients with SLE related to pre-
conceptional counseling, close monitoring during pregnancy, and postpartum and 
multidisciplinary management have improved [63]. However, according to a recent 
meta-analysis comparing maternal and fetal outcomes of women with and without 
SLE, adverse outcomes such as spontaneous abortion (RR, 1.51), PE (RR, 1.91), 
thromboembolic disease (RR, 11.29), and preterm birth (RR, 3.05) are still more 
frequent in pregnancies of women with SLE [64]. Additionally, it has been estimated 
that women with SLE have fewer live births than the general population [65].

In the last two decades, the rate of fetal losses has declined from 43% in the years 
1960–1965 to 17% in the period 2000-2003 [66]. Most recent studies reported a 
pregnancy loss rate of 10–25% in women with SLE [67]. In addition to risk factors 
associated with pregnancy losses in the general population, such as chromosomal 
and anatomical abnormalities, specific factors associated with SLE have to be 
Considered, including thrombocytopenia, antiphospholipid antibody (aPL) 
positivity or antiphospholipid syndrome (APS), lupus nephritis, and high SLE 
disease activity [68]. Both low complement and presence of anti-DNA in the second 
trimester, regardless of clinical activity, have also been associated with a higher rate 
of fetal loss and preterm delivery [69].
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4.1 Antiphospholipid antibodies and pregnancy

The presence of antiphospholipid syndrome (APS) is one of the most important 
causes for pregnancy loss in women with SLE, manifesting a recurrent pregnancy loss, 
fetal loss, or stillbirth (pregnancy loss after 20 weeks of gestation) [29]. In addition to 
recurrent pregnancy loss, APS predisposes pregnant women to late gestational com-
plications associated with impaired placental function, such as PE and fetal growth 
restriction. Serious complications have been reported in up to 12% of pregnancies in 
lupus patients. Interestingly, adverse outcomes in pregnancies of SLE women with 
aPL antibodies can present even during disease remission or mild activity [50].

Antiphospholipid antibodies target the placenta by binding β2 glycoprotein I 
(β2GPI) constitutively expressed on trophoblast cell surface, perturbing the secre-
tion of trophoblast angiogenic factors in the first trimester of gestation and favoring 
adverse outcomes [70].

The prevalence of aPL antibodies in patients with SLE is variable and depends 
on the type of antibodies and isotype. A prevalence of 12–44% of anticardiolipin 
antibodies (aCL), 15–34% for lupus anticoagulant (LA), and 10–19% for anti-β2 
glycoprotein I (aβ2GPI) has been reported [71], although prevalence of aPL could 
be underestimated due to immunosuppressive treatment. A higher frequency 
of thrombosis and pregnancy loss in SLE-associated APS (secondary APS) than 
in primary APS has been reported. Moreover, in the Hopkins lupus cohort, the 
diagnosis of secondary APS led to a threefold increase in pregnancy loss, especially 
after 20 weeks of gestation and was an independent risk factor for further preg-
nancy losses [68].

The association of aPL with adverse pregnancy outcomes (APOs) is variable 
between different aPL antibodies. Particular serological profiles have been defined 
as “high-risk profiles” because of its stronger association with APOs. Lupus 
anticoagulant rather than aCL has been identified as the primary predictor of 
APOs [72]. In the PROMISSE study, a large-scale multicenter prospective study of 
pregnant women with aPL and/or underlying stable SLE, a higher rate of APOs in 
pregnant patients with aPL (43.8%) compared to 15.4% of patients without aPL 
was observed, while poor pregnancy outcome was observed mainly in LA-positive 
patients. The presence of LA was identified as a baseline independent predictor of 
APOs (OR 8.32), while no other aPL antibody independently predicted APO [73]. 
The EUROAPS registry also reported that the presence of LA, isolated or in combi-
nation with aCL and/or aβ2GPI, was the strongest marker related to poor obstetric 
outcomes [74].

Regarding treatment, there is no current evidence that the management of preg-
nancy should be different in SLE-associated APS than in primary APS. Actually, 
treatment of pregnant patients with aPL will depend on the risk profile and history 
of adverse obstetric events or previous thrombosis. According to this risk, they 
can be classified into three groups: (a) presence of aPL antibodies in the absence 
of obstetric or thrombotic events, (b) high-risk profile (LA or triple positivity) or 
adverse obstetric events, and (c) aPL antibodies and previous thrombosis.

Although increased lupus activity does seem to not increase the risk for mis-
carriage, stillbirth rate is threefold higher [53]. Additionally, the timing of lupus 
activity seems to impact the pregnancy loss rate, with activity early in pregnancy 
being the most dangerous [68].

4.2 Antibodies anti-SSA/Ro and anti-SSB/La and neonatal lupus

Pregnancies exposed to anti-SSA/Ro and anti-SSB/La have an increased risk 
of developing neonatal lupus (NL), a passively acquired autoimmune disease 
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mediated by maternal antibodies. There are two main forms of NL: NL erythema-
tosus (NLE) and congenital heart block (CHB). Other less frequent forms include 
hepatic and hematologic. NLE occurs in 5% of children born to women with 
anti-Ro/SSA or anti-La antibodies. It usually presents within the first 2 weeks of life 
as erythematous geographical lesions in light-exposed areas, resembling subacute 
cutaneous lupus. Rash resolves within 6–8 months of life as the maternal antibod-
ies are cleared, without leaving residual scarring [75]. CHB is a more serious form 
of NL, affecting 1–2% of newborns of anti-Ro-positive women and a recurrence 
rate in subsequent pregnancies up to 16–20%. Incomplete forms of CHB have been 
described, including first-degree heart block that can progress during childhood. 
Permanent pacemaker will be needed in most children with CHB, and up to 20% 
may die in the perinatal period [76].

Starting from the second trimester, maternal IgG antibodies are actively 
transferred via the placental FcRn receptor to the fetus. Although the precise 
mechanism of injury is not fully known, one hypothesis considers a direct effect 
of anti-SSA/Ro and/or anti-SSB/La antibodies by binding to fetal cardiac tissue 
and altering cardiocyte function. In the case of anti-SSA/Ro antibodies, they can 
bind cross-reactive epitopes on calcium-regulating molecules such as ion chan-
nels, inducing disturbances in calcium homeostasis and signal electrogenesis 
at the atrioventricular node. A demonstration that anti-SSA/Ro antibodies are 
arrhythmogenic and inhibit inward calcium fluxes across cell membranes sup-
ports this hypothesis [77].

Another hypothesis raise that intracellular anti-SSA/Ro and SSB/La antigens 
translocate to the surface of cardiomyocytes undergoing apoptosis during physi-
ological remodeling and thus become accessible to extracellular antibody. This 
allows the formation of pathogenic antibody-apoptotic cell immune complexes that 
promote a pro-inflammatory and profibrotic response [78]. In vitro studies support 
a protective role of β2GPI by preventing opsonization of apoptotic cardiomyocytes 
by maternal anti-Ro60 IgG [79].

CHB is usually preceded by lesser degrees of conduction delays which may be 
reversed with early treatment. Given that the majority of conduction abnormalities 
develop between 18 and 24 weeks of gestation, several tools for early detection of 
lesser degrees of heart block are available, including fetal Doppler echocardiog-
raphy, fetal kinetocardiogram, and transabdominal fetal echocardiography. Close 
monitoring of anti-SSA/Ro-positive pregnant women with weekly fetal Doppler 
echocardiography between 16 and 26 weeks of gestation and biweekly thereafter is 
highly recommended [61]. This enables assessment of atrial and ventricular rates, 
cardiac anatomy and function, and the presence or absence of hydrops. Urgent 
referral to a fetal medicine unit or fetal cardiology service is advised if a low fetal 
heart rate (<110 bpm) is detected. An increased risk of hydrops and death is present 
if the rate is <55 bpm [76].

Although fetal echocardiogram is the most commonly used modality, it may 
underestimate pathological findings of NL, so recently other biomarkers for early 
detection of heart disease and to monitor severity and progression of cardiac LN 
have been suggested, such as NT-proBNP in amniotic fluid [80].

Different strategies have been evaluated for CHB associated with anti-Ro and/
or anti-La antibodies. Prenatal therapy with fluorinated steroids like dexametha-
sone in mothers of fetuses with incomplete heart block is currently used; however, 
its role has been questioned since published data are discordant regarding its 
efficacy. A multiracial/ethnic US-based registry of cardiac neonatal lupus demon-
strated that fluorinated steroids do not prevent heart block progression or death in 
cases with isolated heart block and without evidence of extranodal disease [81].  
In a more recent study, the use of fluorinated steroids was not associated with 
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complete heart block regression or an increase in survival [82]. Therefore, the deci-
sion to administer this type of steroid, usually at high doses (at least dexametha-
sone 4 mg daily), should be weighed against the potential risk of adverse effects on 
the fetus and the mother [78].

Preventive management of anti-SSA/Ro- and/or anti-La/SSB-positive preg-
nant women is under investigation. Hydroxychloroquine administration during 
pregnancy has been associated with a decrease of recurrent NL [83]. On the 
other hand, recent studies failed to demonstrate efficacy of monotherapy with 
intravenous immunoglobulin or plasma exchange in reducing the incidence of 
cardiac NL [84, 85].

5. Contraception, fertility, and assisted reproduction in SLE

Contraception is a complex issue and of particular interest in SLE patients to 
prevent unplanned pregnancies during periods of disease activity or potentially 
teratogenic drug exposure. The main concerns about hormonal contraceptive 
methods are disease flares and risk of thromboembolism [86]. The risk of complica-
tions associated with the use of hormonal contraceptives has been evaluated by 
two randomized clinical trials. A first study compared a combined three-phase oral 
contraceptive with placebo in 183 patients with SLE. No significant differences in 
the number of disease flares between both groups were observed [87]. A second 
study compared a combined oral contraceptive, a progestogen, and non-medicated 
intrauterine device. Disease activity remained stable during follow-up, and only 
four thrombosis episodes were recorded, two episodes per hormone treatment 
group [88]. However, both studies excluded patients with severely active SLE, his-
tory of previous thrombosis, malignant gynecological neoplasm, acute myocardial 
infarction, and previous hepatopathies and patients actively smoking. Regarding 
aPL antibodies, patients with positivity for these antibodies were excluded in the 
first study, but not in the second trial. According to both studies, combined hor-
monal contraceptives (estrogens plus progestogens or progestins alone) are safe 
in patients with stable SLE in the absence of aPL, without increasing the risk of 
disease flares of thrombotic events.

Fertility is a relevant topic in SLE patients due to predominance of female 
gender and reproductive age. The reproductive issue in SLE women does not result 
from an increase in primary fertility rate but from an increase in the number of 
fetal losses and use of drugs related to infertility. Cyclophosphamide (CYC) has 
been associated with ovarian reserve depletion by inducing apoptosis of oocytes 
and granulosa somatic cells, with the consequent premature ovarian failure in 
a dose- and age-dependent manner. Although the exact incidence of secondary 
ovarian failure due to CYC is not clear, it may vary between 11 and 59%, and a 
higher risk is observed in women older than 30 years [89]. Simultaneous adminis-
tration of GnRH agonist has been suggested to minimize the gonadotoxic effect of 
CYC. Other disease-modifying rheumatic drugs (DMARDs) such as mycopheno-
late mofetil, cyclosporine, or tacrolimus have not been associated with infertility in 
lupus patients [90].

On the other hand, it has recently been suggested that SLE per se has a nega-
tive effect on ovarian function and reserve, regardless of the disease activity and 
use of gonadotoxic immunosuppressive therapies. A study that measured levels of 
anti-Müllerian hormone (AMH), a marker of ovarian reserve, in lupus patients and 
healthy controls found lower levels of AMH in the first group, with no correlation 
between disease activity and duration [91].
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The role of aPL antibodies as a cause of infertility is controversial, as previous 
retrospective studies have suggested an association between aPL antibodies and 
infertility. However, two recent studies have not demonstrated a higher prevalence 
of these antibodies in women with infertility or a correlation with the type of 
infertility [92, 93].

A strategy to overcome the difficulties of achieving a successful pregnancy is the 
use of assisted reproduction technologies (ARTs), which includes ovarian stimulation, 
oocyte retrieval, in vitro fertilization (IVF), and transfer of the embryo to the uterus 
[94]. Many stimulation protocols are available, but ovarian stimulation with human 
chorionic gonadotropin (hCG) is the most frequently applied. These hormones deter-
mine an estrogenic peak in order to stimulate the growth of multiple follicles, which 
may increase the risk of multiple pregnancy, preterm birth, and ovarian hyperstimula-
tion syndrome, but the main concern rises around the risk of disease exacerbation or 
maternal complications. Although the hormonal stimulation could theoretically trigger 
a disease flare or the onset of thrombosis in patients with aPL antibodies, recent studies 
have shown that they can be safe and have a low probability of SLE flare [94, 95].

A relevant issue with the use of ARTs is the incidence of thrombotic events. 
During ovarian stimulation, several changes in coagulation have been described 
including an increase in fibrinogen, von Willebrand factor, and platelets and 
decrease in antithrombin III and fibrinolytic activity. These changes may induce a 
state of relative hypercoagulability. However, the absolute risk of thrombosis during 
ovarian stimulation is low due to the predominant use of estradiol (E2) and short 
time of stimulation. The observed incidence is quite low and related to ovarian 
hyperstimulation syndrome. A systematic review identified as risk factors for 
thromboembolic complications advanced age (>35 years) and hereditary thrombo-
philias, while SLE and APS were not independent risk factors [96].

Regarding the efficacy of ART, the success rate varies from 16 to 31% in women 
with SLE, similar to the general population [48]. The role of aPL has been examined 
by previous retrospective studies that suggested a relationship between aPL positiv-
ity, infertility, and multiple failures of ART procedures. However, recent evidence 
does not support this since the presence of aPL antibodies has not been identified as 
a predictor of failure during the use of ART [97]. In a prospective study of 101 infer-
tile women with at least three unsuccessful IVF attempts, no association was found 
between aPL positivity and success rate [98].

Despite the lack of studies evaluating the risks and benefits of different ovarian 
stimulation protocols, it is suggested to avoid high serum concentration of estradiol. 
In the case of anovulation, ovarian induction with clomiphene citrate represents 
the first choice. In treatment failure, pulsatile administration of GnRH over the use 
of gonadotropins is preferred since the latter does not confer the risk of ovarian 
hyperstimulation syndrome [91].

The period of the highest risk is not ovarian stimulation but pregnancy due to 
elevated rates of fetal and maternal complication, so the main reason for rejecting 
ART in women with SLE is foremost the risk of obstetric and maternal adverse out-
comes. ART is safe in patients with stable SLE; however, its use is not recommended 
in patients with active SLE, uncontrolled hypertension, chronic kidney disease, 
severe valve disease, or severe thromboembolic events [48].

6. Algorithm in women with SLE

An algorithm proposal to approach women with SLE of childbearing age is 
presented in Figure 1.
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7. Conclusions

Pregnancy induces immunologic and hormonal adaptations on a pregnant 
woman to permit maternal tolerance to the fetus. The balance between Th17 cells 
and Treg cells seems critical to pregnancy outcomes, although its possible implica-
tion in maternal-fetal complications in SLE woman is not completely understood.

The relationship between SLE and pregnancy is close and bidirectional; active 
disease is associated with the increased risk of adverse pregnancy outcomes and 
pregnancy changes which impact on maternal disease triggering flares during  
this period.

Besides disease activity, immunologic factors related to SLE such as aPL and 
anti-SSA/Ro antibodies can also influence obstetric and neonatal outcomes. The 

Figure 1. 
Approach to pregnant woman with SLE. Data from [76, 99]. aPL, antiphospholipid; LMWH, low-molecular-
weight heparin; LDA, low-dose aspirin; IUGR, intrauterine growth restriction.
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presence of aPL antibodies is one of the most important risk factors for pregnancy 
loss and late gestational complications in women with SLE. Treatment of preg-
nant patients with aPL will depend on the risk profile and history of obstetric or 
thrombotic events. Anti-SSA/Ro antibodies are related to neonatal lupus due to 
active transplacental transfer of these antibodies possibly causing direct injury to 
the cardiac conduction system manifesting as congenital heart block. Fetal Doppler 
echocardiographic monitoring between 16 and 26 weeks of gestation is highly 
recommended in pregnant women with anti-SSA/Ro for early detection of heart 
conduction delays.

Combined hormonal contraceptives are safe in women with stable SLE in the 
absence of aPL, without an increasing risk of disease flares or thrombotic events. 
Fertility in women with lupus can be affected not only by exposure to drugs related 
to infertility but also by SLE per se.
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Abstract

Systemic lupus erythematosus (SLE) mainly affects women in the fertile age 
of life. A patient with SLE is as fertile as the general population except for treat-
ment with drugs with ovarian toxicity, severe flare of the disease, or autoimmune 
oophoritis for anti-ovarian antibodies. Pregnancy in a woman with SLE implies 
greater maternal and fetal mortality and morbidity. Fetal loss, premature birth, 
intrauterine growth restriction associated with antiphospholipid antibodies 
(aPL), and neonatal lupus associated with anti-Ro are important fetal problems. 
Similarly, preeclampsia and lupus nephritis may lead to diagnostic confusion. 
Treatment options during pregnancy are limited to a few safe medications, which 
further restricts options. The loss of refractory pregnancy associated  
with antiphospholipid antibodies and the complete heart block associated with 
anti-Ro antibodies remain unresolved problems. The planning of pregnancy 
with sustainable treatments during pregnancy, no flare of SLE in the previous 
6 months, and absence of nephritis are important for a good maternal and fetal 
prognosis. A gestation planning, multidisciplinary approach, and close monitor-
ing are essential to obtain optimal results.

Keywords: lupus, pregnancy, fertility, antibody, treatment

1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease that predomi-
nantly affects women of fertile age. Pregnancy causes concern for the majority of 
patients with SLE. The risk of the disease flare during pregnancy, the possibility of 
fetal loss, and the safety of drugs during pregnancy are of concern. A better under-
standing of the pathogenesis of SLE and good use of immunosuppressive drugs 
allows us to better control the disease, and we should not deprive patients with SLE 
of the opportunity to have children. Prepregnancy information and collaboration 
between specialists, such as obstetricians and perinatologists, are essential to opti-
mize maternal and fetal outcomes in SLE pregnancies. In this chapter, important 
issues related to fertility, optimal time of conception, risk of disease flare during 
pregnancy, course of pregnancy, fetal outcome, safety of various medications used 
to control SLE during pregnancy and lactation, and a contraceptive education are 
discussed [1].
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2. Systemic lupus erythematosus fertility

Fertility in patients with SLE is not greatly affected by the diagnosis of the 
disease. The decrease in fertility in SLE can be a consequence of the drugs used in 
the treatment of these patients, the flare of the disease, the organic damage caused 
by the disease, or advanced age. The use of cyclophosphamide (CYC) induces the 
majority of nonage-related infertility in patients with SLE, although the increasing 
use of mycophenolate mofetil (MMF) for the treatment of renal and extrarenal 
manifestations reduces the incidence due to its null ovarian toxicity. The risk of 
infertility due to CYC is associated with both the cumulative dose and an older age 
(>37 years old) of the woman at the time of treatment. The probability of maintain-
ing fertility after treatment is greater for patients under 30 years of age, six or less 
monthly intravenous pulses, a cumulative dose of less than 7 g, and lack of amenor-
rhea before or during drug administration. It is less likely that other treatments in 
SLE have a significant impact on fertility, although nonsteroidal anti-inflammatory 
drugs (NSAIDs) have been suggested as possible contributors to infertility and it is 
suggested that high doses of corticosteroids have some effect on the cycle menstrual 
through its effect on the hypothalamic pituitary axis (HPA).

Patients with SLE may have menstrual disturbances or even amenorrhea second-
ary to very active disease. In addition, serum levels of anti-mulleriana hormone 
(AMH) are lower in patients with SLE not treated with CYC than in controls 
matched by age. It is important to emphasize that renal failure induced by lupus 
glomerulonephritis can cause hypofertility or infertility due to an alteration of the 
HPA, which can be reversed with kidney transplantation.

The profile of autoantibodies does not seem to affect fertility in women with 
SLE. However, the study of aPL in women with lupus is essential for predicting 
gestational risk, although recent controlled studies do not support an association 
between aPL and infertility or in vitro deficient fertilization (IVF). Evaluation or 
treatment of aPL in infertile women is not recommended.

Older age is an important factor of infertility in SLE, as it is in the general 
population. Female fertility decreases with age due to the progressive loss of the 
ovarian reserve; many patients with SLE are older when they try to conceive and 
may encounter difficulties related to age. The onset of SLE is more frequent in the 
first years of reproduction, and it is advised to avoid pregnancy when the disease 
is active. Premature ovarian failure (persistent amenorrhea with elevated levels 
of follicle-stimulating hormone before age 40) may be of autoimmune etiology in 
the general population but is rarely associated with systemic autoimmune diseases 
such as SLE [1, 2]. The study of anti-ovarian antibodies has contributed little to this 
pathology. However, treatment with corticosteroids and/or immunosuppressants 
has reversed the process in some cases.

2.1 SLE fertility preservation

Preserving fertility in women with SLE involves limiting cytotoxic drugs when 
possible and protecting the ovaries during treatment; however, prompt and effec-
tive therapy for a severe disease often takes precedence. The cryopreservation of 
oocytes or embryos is an effective option but requires ovarian stimulation, which 
may be impractical given the usual need to institute therapy quickly to avoid dam-
age, as well as the risk of hyperstimulation in a patient with active SLE. The age of 
the patient to whom CYC is administered is not modifiable, but an effort must be 
made to minimize the total dose of CYC. The use of MMF may be the best option. 
Treatment with agonists of the gonadotrophic hormone receptor (GnRH) during 



75

Lupus Pregnancy: Risk Factors and Management
DOI: http://dx.doi.org/10.5772/intechopen.83652

CYC therapy to minimize ovarian toxicity has become a common practice. Ovarian 
toxicity amenorrhea due to CYC has been the classic clinical sign. Now, the mea-
surement of the AMH provides us with a better evaluation of the ovarian reserve. In 
a study of patients with SLE who received leuprolide with a GnRH agonist between 
10 and 14 days before the CYC pulse therapy, a 68% increase in the ovarian reserve 
was estimated compared to patients with SLE who had not received this treatment. 
The GnRH agonist should not be administered immediately before the CYC. When 
administered during the follicular phase of the cycle, it can stimulate the ovaries 
and worsen ovarian damage. Patients without therapy with GnRH agonists before 
their first infusion can start treatment after the first cycle and receive treatment at 
monthly intervals thereafter [2].

3. Contraception control

SLE patients may be strongly advised to avoid pregnancy, particularly when 
they have severe disease-related damage or active disease or are taking terato-
genic medications. Consequently, contraceptive options should be discussed with 
all female patients of reproductive age. Counseling patients to defer pregnancy 
relies on the assumption that they will utilize safe and effective contraception. In 
practice, SLE patients currently underutilize effective contraception, even those 
taking teratogenic medications [2]. Contraceptives vary in safety and efficacy. 
Long-acting reversible contraceptives such as intrauterine devices (IUDs) or 
subdermal implants have the greatest efficacy. IUDs generally contain either 
progesterone (levonorgesterol) or copper. Although IUDs have a low risk of 
infection, patients treated with immunosuppressive medications have not been 
specifically studied. However, HIV-infected women who have been studied do 
not have a greater risk of infection. Combined hormonal contraceptives include 
the pill, transdermal patch, and vaginal ring. Serious side effects include a 
three- to fivefold increased risk of venous thromboembolism and a twofold 
increased stroke risk. Medications commonly used for patients with SLE, such 
as warfarin and MMF, may interact with these agents and alter their efficacy. 
Concern regarding estrogen-induced flare previously has limited the use of oral 
contraceptives in patients with SLE. Two recent prospective studies in women 
with stable SLE showed no increased risk of flare with combined oral contracep-
tives. But oral contraceptives containing the progestin drospirenone can increase 
serum potassium and be dangerous in patients with nephritis or who also take 
angiotensin-converting enzyme (ACE) inhibitors. The vaginal ring and the patch 
may further increase thrombosis risk compared to oral combined contraceptives, 
and their safety in SLE has not been studied. No forms of estrogen-containing 
contraceptives are advised for use in aPL-positive patients due to the increased 
risk for thrombosis [3]. Progesterone-only contraceptives include oral and intra-
muscular forms, IUDs, and a subdermal etonogestrel implant. Depot medroxy-
progesterone acetate (DMPA) injections may decrease bone density when used 
chronically, a concern in corticosteroid-treated patients. Progesterone-only 
contraceptives represent a safe and effective option for aPL-positive patients; 
with the possible exception of DMPA, the risk for thromboembolism is very low, 
and they may decrease menstrual blood loss. Emergency contraception can be 
considered for all SLE patients, including aPL-positive patients. Long-acting 
reversible contraceptives are preferable for most SLE patients, but every decision 
regarding contraception must balance the risk and efficacy of the method with 
the risk of unplanned pregnancy.
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4. Fertility and assisted reproductive techniques

Fertility is generally unimpaired in patients with systemic lupus erythematosus 
(SLE), unless they have been treated with cyclophosphamide (CYC). Although 
CYC is less commonly used for nephritis than in the past because of the availability 
of MMF, prevention of CYC-induced infertility remains an important concern. 
Concurrent gonadotropin-releasing hormone (GnRH) analogue therapy, usually 
leuprolide, appears to decrease risk of premature ovarian failure by CYC. Embryo 
and oocyte cryopreservation is options to preserve fertility in patients who are 
stable enough to safely undergo ovarian hyperstimulation. Patients with lupus may 
undergo assisted reproduction techniques, including in vitro fertilization (IVF). 
Ovarian hyperstimulation syndrome (OHSS) is a rare complication of IVF resulting 
in a capillary leak syndrome; severe OHSS increases risk for thrombosis and renal 
compromise. Even in a well-controlled cycle, elevated estrogen levels may increase 
risk of flare and thrombosis in SLE patients. However, thrombosis in aPL-positive 
patients undergoing IVF is rare, but most reported patients have been treated pro-
phylactically with anticoagulants. Prophylactic anticoagulation may be considered 
in patients with high-risk aPL profiles and is mandatory for those with confirmed 
APS. However, aPL antibodies as a cause of failed IVF or infertility is not accepted, 
and anticoagulation is not indicated to improve IVF cycle outcome [2, 3].

5. Preconception orientation

Good information to the patients and pregnancy planning is essential for a 
woman with SLE who wants a child. Pregnancy planning is a key point for women 

Preconception visit checklist Contraindications to pregnancy

Age Severe lupus flares within the 
previous 6 months

Any previous pregnancy? Severe restrictive lung disease 
(FVC < 1 L)

Previous pregnancy complications? Heart failure

Presence of severe irreversible damage? Chronic renal failure (Cr < 30 mg/dL)

Recent or current lupus activity? Stroke within the previous 6 months

Presence of antiphospholipid antibodies/syndrome? Previous severe preeclampsia of 
HELLP syndrome despite therapy 
with aspirin and heparin

Other chronic medical conditions? Severe lung hypertension

(Hypertension, diabetes, etc.) (Estimated systolic PAP > 50 mm Hg 
or symptomatic)

Previous nephritis or active nephritis

Current treatment: any forbidden drugs
(including cyclophosphamide, methotrexate, mycophenolate, 
thalidomide, or thalidomide lyks, angiotensin-converting, enzyme 
inhibitors, angiotensin II receptor blockers, diuretics, and statins)

Positive anti-Ro and anti-La

Anti-DNA, complement levels C3 and C4
Abbreviations: PAP, pulmonary arterial pressure; FVC, forced vital capacity.

Table 1. 
Preconception visit checklist and contraindications to pregnancy in women with SLE.
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with SLE. Postponing conception until the disease is inactive for at least the previ-
ous 6 months significantly improves the results. Women with irreversible lesions in 
vital organs are more likely to suffer maternal-fetal morbidity and mortality during 
and after pregnancy. The pregnancy should be delayed, such as a severe disease 
flare in the previous 6 months, a recent stroke, and active lupus nephritis. In some 
situations, pregnancy may be contraindicated (Table 1). A profile of autoantibod-
ies, such as aPL (anticardiolipin, anti-β2 glycoprotein I, and lupus anticoagulant), 
serum levels of complement, anti-SSA, and anti-SSB antibodies [4], is essential as 
risk factors for complications during pregnancy. Keeping the SLE inactive and the 
function of organs with safe medications during pregnancy should be a goal. There 
is an increased risk of complications among women with severe impairment of 
organ function, with or without serious pre-existing damage. The care of pregnant 
women with SLE must focus on three mainstays: a coordinated medical-obstetrical 
care, a well-defined management protocol, and a well-structured prenatal 
follow-up.

6. Laboratory evaluation during prenatal care

In pregnancy, it is necessary to perform routine pregnancy testing plus other 
tests that include a complete blood count, kidney and liver function, and proteins in 
a 24-hour urine collection (Table 2). Complementary studies should include addi-
tional tests such as complement study (C3 and C4), aCL, LA, aβ2GPI, anti-DNA, 
anti-SSA, and anti-SSB antibodies [4]. Evaluate the activity of the disease during 
the prenatal phase. The hormonal changes during pregnancy cause an alteration 
of the domain of Th1 to Th2 lymphocytes, and, consequently, it is expected that 
autoimmune disorders involving the Th2 response, such as SLE, are activated. In 
general, it is accepted that pregnancy can lead to higher rates of outbreaks of the 
disease, ranging from 25 to 65%. Skin rashes and musculoskeletal symptoms are less 
common, while renal and hematological flares are more frequent. The risk of flare 
seems to be related to the onset of disease activity 6–12 months before conception. 
There is an increased risk of flares during pregnancy when there is lupus nephritis 
at conception and even in women with pre-existing nephritis in remission. One 
study showed an exacerbation rate of 30% of SLE activity during pregnancy or 
postpartum in women with pre-existing lupus nephritis. It is sometimes difficult to 
distinguish signs and symptoms related to pregnancy from those due to SLE. Some 
ambiguous manifestations such as fatigue, headaches, arthralgias, edema, hair loss, 
palmar and malar erythema, anemia, and thrombocytopenia can be confused with 
clinical manifestations of SLE. An evaluation by physicians experienced in pregnant 
women with SLE is important. Blood tests with basal blood counts and urinalysis 
with measurement of proteinuria are useful to control the state of the disease and 
identify the flare. The production of C3 and C4 increases in the liver during preg-
nancy, and, therefore, their levels may be within the range of normality in cases of 
active SLE. Relative variations of complement are more important than absolute 
levels, and a 25% drop in serum complement levels may suggest a flare of lupus. The 
determination of the products of complement degradation would be the best way 
to identify a greater activation. Currently, we have indices to measure the activity 
of SLE during pregnancy, such as the pregnancy activity index of systemic lupus 
erythematosus (SLEPDAI) and the index of lupus activity in pregnancy (LAI-P). 
In practice, the clinical judgment of an experienced clinician is still considered 
the gold standard, and these indices are essential for publications on SLE and 
pregnancy. The SLEPDAI scale is an instrument similar to the SLE disease activity 
index (SLEDAI) to evaluate the activity of lupus, assigning different scores for the 
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various clinical and laboratory manifestations of lupus activity, however, taking 
into account the changes, physiological factors of pregnancy, and main pathologies 
of the pregnancy-puerperal cycle that can simulate an active SLE. The risk of hyper-
tensive disorders during pregnancy increases in the context of active lupus nephri-
tis. The frequency of preeclampsia varies from 7.5 to 22.5% for all women with 
SLE. Renal involvement of lupus is often associated with hypertension, and the 
diagnosis of preeclampsia is difficult because it may coincide with chronic hyper-
tension exacerbated during pregnancy. Likewise, in the case of women with SLE 
with residual glomerular lesions, an increase in proteinuria can be observed, due to 
the increase in the glomerular filtration rate during pregnancy, and this fact is not 
related to preeclampsia. The diagnosis of preeclampsia may be more difficult due to 
the increase in blood pressure and previous proteinuria. The differential diagnosis 
of preeclampsia in patients with lupus may be facilitated by changes in the C3, C4, 
and CH50 measurements, since a reduction in these levels is expected during lupus 
activity. Other laboratory tests are useful to perform a differential diagnosis, such as 
an abnormal urinary sediment, erythrocytic dysmorphia or cell casts, and increased 
titers of anti-DNA antibodies (common in lupus nephritis). SLE of onset during 
pregnancy should be considered as an active lupus and may be associated with a 
worse outcome of pregnancy. Differentiating preeclampsia into an early SLE during 
pregnancy is a challenge and often delays the diagnosis of SLE. Among patients 
with stable SLE at the time of conception, it is expected that the activity of the 
disease does not worsen, and even if so, the flare is usually mild and involves some 
type of treatment modification.

7. Evaluation of fetal growth and vitality

Fetal complications are frequent in patients with SLE. Miscarriages and intra-
uterine fetal death can occur in 20% of pregnancies in patients with SLE. Patients 

Prepregnancy Every 6–8 weeks1

Complete blood count with platelets Complete blood count with platelets

Comprehensive metabolic panel Comprehensive metabolic panel

Prothrombin time/partial thromboplastin tine Urinalysis with microscopy

Urinalysis with microscopy Spot protein/creatinine ratio

24-hour urine protein and creatinine clearance2 Anti-dsDNA

Spot protein/creatinine ratio Complement levels (C3, C4)

Anti-dsDNA Uric acid

Anti-Ro/SSA and anti-La/SSB antibodies sFlt-1/PlGF ratio (>20 weeks)

Lupus anticoagulant3

Anticardiolipin IgG, IgM3

Anti-β2 glycoprotein I IgG, IgM3

Complement levels (C3, C4)

Uric acid
1Adjust interval of monitoring based on clinical situation.
2In patients with proteinuria, consider repeating 24-hour urine test each trimester.
3If positive for first time, repeat in 12 weeks.

Table 2. 
Systemic lupus erythematosus pregnancy evaluation and monitoring.
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with a history of nephritis have a higher risk of such adverse outcomes. The rate 
of restriction of fetal growth (FGR) is close to 30%, even in mild disease, with 
an increased risk if there is renal involvement. Several studies concluded that the 
result of the mortality rate for women with SLE tends to be higher, a condition 
strongly associated with the presence of flares of the disease during pregnancy. 
Serial obstetric ultrasound is the most important method to guide the monitor-
ing of fetal growth. The measurement of the length of the cranial crown in the 
first trimester is presented as the most accurate measurement. At 16–22 weeks of 
gestation, an anatomical survey should be followed that considers the diagnosis 
of fetal anomalies, which also allows the first growth monitoring. In each 4-week 
period, new scans must be performed, measuring the volume of amniotic fluid. If 
preeclampsia is diagnosed, the interval should be reduced. The monitoring of fetal 
vitality is an important part of the prenatal care of patients with SLE. This should 
include the nonstress test (NST), the biophysical profile (BPP), and the Doppler 
velocimetry of the fetal umbilical artery, beginning at 26–28 weeks and continuing 
weekly until birth. In patients with SLE, alterations of the umbilical artery Doppler 
velocimetry should be handled in a similar way to those without the condition. The 
normal evaluation of these tests has a high negative predictive value for fetal death. 
A relationship exists between abnormal uterine artery Doppler and posterior fetal 
loss, preeclampsia, FGR, and preterm birth. For women with anti-SSA/anti-SSB 
antibodies, fetal echocardiography should be performed between 18 and 26 weeks 
to exclude congenital heart blockage of the fetus. An urgent referral to a tertiary 
care center should be requested in case of abnormal fetal heart rate, mainly a low 
heart rate.

8. Recommended SLE treatment during pregnancy

An active SLE is harmful to the mother and the fetus, and an appropriate 
reflection is necessary between the risks and benefits of the indicated treatment. 
In practice, it is common for women with SLE to interrupt their medication before 
conception, for fear of fetotoxicity, which happens through medical advice and 
proper planning [5]. Stopping the medication can lead to an active SLE and unfa-
vorable pregnancy outcomes. Immunosuppressive treatment in pregnant women 
with quiescent lupus should not be changed unless it induces fetal malformations. 
The glucocorticoids and antimalarials are the drugs most used in the treatment of 
lupus and should be maintained at the same doses during pregnancy. Prednisone 
at a dose of 5–10 mg/day is considered safe and sustainable during pregnancy. 
The mild flare of the disease can be treated with low doses of prednisone (less 
than 20 mg/day), and higher doses of corticosteroids, such as intravenous pulses, 
will be indicated to treat moderate to severe lupus activity. The antimalarial is not 
teratogenic and is recommended to prevent the activity of the disease and reduce 
the risk of cardiac neonatal lupus in patients with anti-Ro antibodies. The use of 
immunosuppressants is possible during pregnancy, and azathioprine is the saf-
est. Changing other immunosuppressants to azathioprine in a patient with SLE 
who wants pregnancy is recommended. Some recent report describes leukopenia, 
thrombocytopenia, and slow development of children exposed to azathioprine 
during pregnancy. Cyclosporine and tacrolimus, classified as category C by the 
Federal Drug Association (FDA), are safe during pregnancy initially demonstrated 
in pregnant women with kidney transplantation. CYC should not be prescribed 
during the first trimester for causing fetal chromosome, if it can be used during 
the second or third trimester for severe flares not controlled with pulses of methyl-
prednisolone or other immunosuppressants. The use of CYC during the second and 
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third trimesters does not seem to increase the risk of congenital anomalies, although 
spontaneous abortions and premature labor may be more frequent. Treatment with 
mycophenolate mofetil may be another option during the second and third trimes-
ters, although more experience is lacking. Leflunomide is associated with terato-
genic and fetotoxic effects in animals, and its metabolite is detectable in plasma up 
to 2 years after the interruption. In pregnant women, it is formally contraindicated, 
and pregnancy should be excluded before starting a treatment with leflunomide. 
Methotrexate, classified as drug X by the FDA, is teratogenic and produces abor-
tion at high doses; therefore, it is contraindicated in pregnancy. If used in the first 
trimester, it is associated with FGR and some important malformations, such as 
absence or hypoplasia of the frontal bones, craniosynostosis, large fontanelle, and 
ocular hypertelorism. Thalidomide or thalidomide-like is used for the treatment 
of cutaneous lupus, producing malformations in the fetus, such as phocomelia 
by thalidomide. Rituximab has a very low transplacental transfer during the first 
trimester of pregnancy, and some studies of safe pregnancies and deliveries have 
already been reported in cases of exposure; in the second or third trimester, it can 
cross the placenta and induce severe neonatal lymphopenia. Therefore, in these 
cases, live vaccines should be avoided in these children during the first 6 months 
of life. High blood pressure is a common condition among patients with lupus 
nephritis; an adequate treatment of blood pressure during pregnancy can reduce 
the progression of the disease and avoid several adverse pregnancy outcomes. The 
labetalol, nifedipine, hydralazine, and methyldopa are safe medications to treat 
hypertension in pregnant women. Angiotensin-converting enzyme (ACE) inhibi-
tors should be avoided due to their association with multiple congenital anomalies. 
A low dose of aspirin is recommended, since it reduces the risk of preeclampsia and 
perinatal death; In addition, it is associated with an increase in birth weight in those 
cases with risk factors, including kidney disease. Complete anticoagulation with 
low molecular weight heparin (LMWH) is recommended if there has been a previ-
ous thrombotic event. Calcium supplements are required, mainly for those women 
who use corticosteroids and heparin. Also, vitamin D supplements can be given, but 
it does not reduce unfavorable obstetric risks.

9. Lupus flare management during pregnancy

Many physiological changes in pregnancy can overlap with the characteristics 
of active disease, which makes differentiation difficult (Table 3). Some common 
laboratory tests also become less reliable: mild anemia and thrombocytopenia are 
common, the erythrocyte sedimentation rate (ESR) increases, and up to 300 mg/day  
proteinuria can occur during normal pregnancy. Complement levels increase by 
10–50% during normal pregnancy and may appear to remain in the “normal” 
range, despite the activity of the disease. Anti-DNA antibodies may be useful in 
the evaluation of disease activity. The scales of activity of the specific disease of 
pregnancy, the activity index of pregnancy SLE (SLEPDAI), the LAI-P, and the 
BILAG2004-Pregnancy index have been developed with modifications in the 
descriptors. A combination of laboratory parameters along with clinical judgment 
may be the best tool to evaluate the activity of the disease. Based on the numerous 
risks associated with pregnancy, it is recommended that women with SLE have a 
preconception assessment and multidisciplinary management with maternal-fetal 
drugs and rheumatology during pregnancy. Active SLE at the time of conception 
is a predictor of adverse outcomes. It is suggested that the disease remain inac-
tive for 6 months before attempting pregnancy. Laboratory tests should include, 
at a minimum, antiphospholipid antibodies (LA, IgG and IgM aCL, IgG, and 
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IgM anti-aβ2GPI I antibodies), anti-Ro/SSA and anti-La/SSB antibodies, and 
an evaluation of renal function (creatinine, protein/creatinine ratio in urine). 
Women who have anti-Ro/SSA and anti-La/SSB antibodies should have intensive 
fetal monitoring for cardiac arrest with fetal echocardiography by weekly pulsed 
Doppler (to measure the mechanical PR interval) beginning at 16–18 weeks and 
continuing up to 26–28 weeks of pregnancy. Ideally, all women with SLE should 
receive HCQ and low doses of aspirin during pregnancy, unless contraindicated. 
Women who continue HCQ during pregnancy have fewer outbreaks of disease 
and better outcomes as well as mothers with positive anti-Ro/SSA and anti-LA/
SSB antibodies. Low-dose aspirin initiated at 12–16 weeks of gestation reduces 
the risk of preeclampsia and fetal growth restriction [6]. The interruption of 
medications used to control the activity of the disease increases the risk of flares 
and complications associated with pregnancy. Serial ultrasound exams should 
be performed to assess fetal growth and fetal monitoring before delivery should 
begin in the third trimester. Renal involvement is common in patients with SLE 
and may be suspected in the presence of proteinuria or elevated serum creati-
nine. Hypertension and nephrotic syndrome consist of intense proteinuria, 
hypoalbuminemia, and peripheral edema, and patients have characteristically 
low levels of complement (C3) and high levels of anti-DNA. The involvement 
of the renal vasculature in cases of lupus nephritis is a sign of poor prognosis. In 
thrombotic microangiopathy, damage to the endothelial cells of small arterioles 
and capillaries results in thrombosis and mortality. Neuropsychiatric symptoms 
observed should be considered and excluded, including electrolyte abnormalities, 
infection, renal failure, and the effects of drugs. In the absence of a standard gold 
diagnostic test, this can represent a significant clinical challenge, especially in 
pregnancy and the postpartum period, where specific conditions of pregnancy, 
such as preeclampsia and eclampsia, can produce the same symptoms. The APS is 
an autoimmune disorder characterized by vascular thrombosis and/or pregnancy 
morbidity in the presence of persistent antiphospholipid antibodies. A small 
subset of patients with APS (<1%) develops multiple organ failure secondary to 
a disseminated thrombotic disease, a condition called catastrophic APS (CAPS) 
that has a mortality rate of up to 50%.

Pregnancy changes SLE activity

Clinical features Facial flush Photosensitive rash

Palmar erythema Oral or nasal ulcers

Arthralgias Inflammatory arthritis

Fatigue Fatigue, lethargy

Mild edema Moderate to severe edema

Mild resting dyspnea Pleuritis, pericarditis

Laboratory features Mild anemia Immune hemolytic anemia

Mild thrombocytopenia Thrombocytopenia

Leukopenia, lymphopenia

Mild increased ESR Increased inflammatory marker levels

Physiologic proteinuria Proteinuria > 300 mg/day

Active urinary sediment

Abbreviation: ESR, erythrocyte sedimentation rate.

Table 3. 
Overlapping features of pregnancy and systemic lupus erythematosus (SLE).
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The treatment of flares during pregnancy is guided by the severity and involve-
ment of the organ, similar to the state of nonpregnancy. However, the choice of 
agents is limited to safe medications, as discussed above. The steroids should be 
used in the lowest possible doses, but short cycles of high doses can be used for flare 
control. NSAIDs can produce malformations, and in general their indication in 
the SLE is in disuse. The antimalarial should be continued throughout pregnancy. 
Azathioprine and anti-calcineurin can occur throughout pregnancy. Azathioprine 
is a safe immunosuppressant with much experience in pregnancy, although delays 
in the development of the offspring have recently been reported. IVIg and plas-
mapheresis are still alternative options, but the increased risk of thrombosis with 
IVIg and fluid overload should be considered, although it is rarely necessary if 
we exclude intravenous Ig treatment of severe thrombocytopenia in pregnancy. 
Physiological changes in pregnancy such as an increase in glomerular filtration rate 
and renal plasma flow can worsen pre-existing kidney disease. However, in theory, 
a rapid decrease in the levels of the pregnancy hormone, particularly estrogen, 
may be advantageous. It is known that the immunosuppressive drugs used to treat 
SLE, such as CYC, cross the placenta and have teratogenic effects. In addition, this 
particular medication has been associated with premature and irreversible ovarian 
failure.

10. Lupus pregnancy, nephritis, and eclampsia

Lupus nephritis is an important risk factor for both maternal and fetal compli-
cations. A meta-analysis of 37 studies from 1980 to 2009 included 2751 pregnancies 
with SLE: the SLE flare rate was 25.6%, and the rates of preterm birth and IUGR 
were 39.4 and 12.7%, respectively. Positive associations were identified between 
preterm birth and active nephritis, hypertension and active nephritis, and pre-
eclampsia and history of nephritis [7]. Up to 25% of women with SLE will develop 
preeclampsia compared to 5% in the general population. Doctors who treat lupus 
and pregnancy should ask themselves questions like does the presence of increased 
proteinuria and hypertension represent a flare or does the presence of increased 
proteinuria and hypertension represent the onset of preeclampsia? At the begin-
ning of pregnancy, the presence of new or worsening proteinuria and hypertension 
will almost always represent a flare of lupus nephritis. However, beyond 20 weeks 
of gestation, differentiating a flare of preeclampsia poses a diagnostic as well as a 
therapeutic challenge (Table 4). Flare of lupus nephritis in pregnancy may be the 
first presentation of lupus and is relatively rare in those without previous nephritis 
or inactive nephritis at the beginning of pregnancy. However, if a woman has pro-
teinuria, hypertension, renal function decreased at the beginning of pregnancy, 
and a history of lupus nephritis, she is likely to have a flare of lupus nephritis. The 
clinical history plus appropriate biochemical investigations is key to the diagnosis 
of clinical complications in SLE and pregnancy. The complement should be normal 
or high in pregnancy because it behaves as an acute phase reactant since this is 
pregnancy. The decrease in complement, even within the normal range, should 
alert us to a possible flare of SLE and more when associated with an increase in 
anti-dsDNA. If proteinuria is significant and unexpected, it can mean a change in 
immunosuppression and even renal biopsy if the woman is in the first trimester or 
in part during the second trimester, although it is only necessary if the clinic and 
laboratory are discordant. Always keep in mind if the woman is at risk of bleeding 
after the biopsy and for how long anticoagulation can be delayed in a pregnant 
woman with intense proteinuria and possibly phospholipid antibodies who, 
therefore, have a high risk of thrombovenous embolism, since the procoagulant 
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factors are added, pregnancy, nephropathy, SLE activity, and/or aPL. If the risk 
of having thromboembolism outweighs the benefit of a firm diagnosis, a biopsy 
should not be done. However, if there is a biochemistry compatible with a flare of 
lupus, patient’s history contains nephritis flares and it is seems that it is going to 
be repeated; a kidney biopsy could be justified. The distinction of nephritis from 
lupus of pregnancy preeclampsia (from 26/40 weeks of gestation) can be difficult. 
In both, there will be an increase in proteinuria, hypertension, generalized symp-
toms, thrombocytopenia, and kidney damage. In women with isolated preeclamp-
sia, there should be no hematuria, urinary cylinders, a decreasing complement, 
or increasing anti-dsDNA. However, a flare of lupus nephritis increases the risk of 
preeclampsia, so, again, distinguishing the two can be a challenge for the clinician. 
The two treatments are different; preeclampsia requires delivery sooner rather 
than later, and lupus nephritis requires immunosuppressive treatment. It is not yet 
a usual practice, but it is likely to be exceptionally useful, measuring angiogenic 
and antiangiogenic factors, to determine if there is preeclampsia present. Women 
with APS and SLE who developed preeclampsia had a median of sFlt-1 (tyrosine 
kinase similar to soluble fms), low placental growth levels (PIGF), and a signifi-
cantly higher sFlt-1/PlGF ratio, and significantly higher PIGF levels lower com-
pared with women with APS and SLE and without preeclampsia after 12 weeks of 
gestation. These differences increased with gestational age. The sFlt-1/PlGF ratio 
became a significant predictor of preeclampsia at 12 weeks, showing the highest 
levels at 20, 24, and 28 weeks of gestation [8, 9]. Later, the fall of the placental 
growth factor predicted the appearance of preeclampsia even in women with 
pre-existing chronic kidney disease. A recent publication highlights the evidence 
(or more commonly the lack of evidence) for the best use of antirheumatic drugs 
before and during pregnancy. Women who take azathioprine, hydroxychloroquine, 
cyclosporine, and tacrolimus can safely breastfeed their babies, so women who 
take these medications should not be discouraged from breastfeeding.

Clinical measure Preeclampsia Lupus nephritis

Time >20 weeks >20 weeks

Hypertension Present Often present

Urine active sediment Rare Common

Onset of proteinuria Abrupt, after 20 weeks Abrupt or gradual, anytime

Uric acid >4.9 mg/dl <4.9 mg/dl

C3 and C4 Usually normal Usually low or decreasing

Complement products Normal Usually higher

Anti-DNA Negative or stable Positive or increasing

Lupus activity No Yes

Urine calcium <195 mg/day >195 mg/day

Thrombocytopenia Yes (HELLP) 20% of SLE

Liver function test May be elevated (HELLP) Usually normal

Kidney biopsy Glomeruloendotheliosis SLE nephritis

sFlt-1/PlGF ratio Higher Normal

Abbreviations: HELLP, hemolysis, elevated liver enzymes, and low platelets; SLE, systemic lupus erythematosus; sFlt-1, 
soluble fms-like tyrosine kinase; PlGF, placental growth factor.

Table 4. 
Differentiation of preeclampsia from lupus nephritis flare in pregnancy.
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There are still no safety data on the MMF, so breastfeeding is discouraged if 
MMF is required. The woman with SLE and pregnancy should be treated as high-
risk. At the controls ask for symptoms of the disease to detect SLE flare, and always 
check the blood pressure to detect preeclampsia. A blood and urine test should be 
done every quarter to detect biological changes in the complement and anti-DNA 
that suggest a flare. The fetus must be carefully monitored to detect growth and 
blood flow. Good multidisciplinary coordination among obstetrician, nephrolo-
gists, rheumatologists, and nursing experts is essential for better results.

11. Pregnancy and antiphospholipid antibodies

Pregnancy in women with SLE and aPL-positive courses with obstetric is 80% 
of cases. The current standard treatment for patients with obstetric includes LDA 
(75–100 mg/day) and low molecular weight heparin (subcutaneous enoxaparin, 
dalteparin, nadroparin, or subcutaneous tinzaparin) or unfractionated heparin. 
These recommendations are based on the results of randomized controlled trials 
comparing LDA alone or in combination with heparin with APS [7]. Kutteh et al. 
reported a significant improvement in the rate of live births with LDA and heparin 
versus LDA alone (80 versus 44%, P < 0.05). Rai et al. showed a significantly higher 
rate of live births with LDA and unfractionated heparin (5000 units) versus LDA 
alone (71 versus 42%, OR, 3.37, 95% CI, 1.40–8.10). However, no differences were 
found in the results with the combined treatment versus the LDA in two other ran-
domized trials, both with LMWH, with live birth rates close to 80% in both groups. 
The heterogeneity in the findings seems to be attributed to the relatively poor 
results in women who received LDA alone in the two previous studies. In addition, 
data from observational studies have reported pregnancy success rates of 79–100% 
with LDA alone in this subgroup of women, although many of these cases had low 
levels of aPL antibodies. The current recommendation for the treatment of obstetric 
APS is to initiate LDA plus LMWH at therapeutic doses.

All women should be evaluated for risk factors for venous thromboembo-
lism and should receive postpartum thromboprophylaxis. The Royal College of 
Gynecology in the United Kingdom, for example, recommends, for aPL-positive 
women without clinical manifestations of APS, 7 days after thromboprophylaxis 
of labor, and for women with APS, this extends to 6 weeks. All women with APS 
can deliver natural light, unless there are obstetric reasons to suggest otherwise. 
In addition, all women should be encouraged to stop smoking and reduce/discon-
tinue alcohol consumption in accordance with the national pregnancy guidelines. 
Patients with a recent thrombotic event in the last 3 months, particularly high blood 
pressure and/or uncontrolled, should be encouraged to postpone new pregnancies. 
Patients with pulmonary hypertension in general are advised not to get pregnant. 
Women with previous thrombosis should receive long-term anticoagulation once 
the risk of postpartum hemorrhage has stabilized. Both AVK (antivitamin K) and 
heparins are compatible with breastfeeding. With respect to fetal monitoring during 
pregnancy, the bilateral uterine notch between 23 and 25 weeks of gestation has 
been shown to be an independent risk factor for the development of early-onset 
preeclampsia and gestational hypertension. Therefore, the bilateral notch of the 
uterine artery should be considered in the risk assessment for the development of 
these pregnancy complications. The evaluation of thrombotic risk should also be 
considered in patients with a history of obstetric primary health center. Among 
others, Lefevre et al. demonstrated that patients with obstetric APS have a higher 
thrombotic risk compared to healthy women (3.3 versus 0–0.5/100 patient years), 
even if treated with LDA. Similarly, in a 10-year observational study of 1592 women 
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with pure obstetric SAP and no history of thrombosis, Gris et al. demonstrated 
that the LA was a risk factor for superficial and superficial venous thrombosis and 
unprovoked distal and similar results have been demonstrated in other studies.

The current treatment to prevent obstetric morbidity in primary health center 
(PHC) has improved the outcome of pregnancy at a rate of live births of more than 
70%. Given that 30% of women continue to have complications during pregnancy, 
international groups are currently evaluating different options to improve preg-
nancy outcomes in women with APS. The additional use of low doses of steroids has 
been evaluated in refractory APS. It has been suggested that intravenous immu-
noglobulin improves pregnancy complications in obstetric PHC. Treatment with 
pravastatin suggests a beneficial role in those women with preeclampsia related to 
established aPL. In their case series, 11 patients are treated with pravastatin 20 mg/day  
in addition to the standard treatment, while the controls continued alone with 
LDA and LMWH. In all patients exposed to pravastatin, signs of preeclampsia, 
such as blood pressure and proteinuria, improved and signs of placental perfusion 
remained stable without further deterioration compared to the control group. HCQ 
has also been evaluated. The HCQ immunomodulator can have beneficial effects 
not only in the treatment of thrombotic APS but also in the prevention of preg-
nancy complications [10]. The European randomized controlled multicenter trial 
“HYPATIA” will evaluate the role of HCQ versus placebo in pregnant women with 
aPL and, hopefully, provide stronger evidence on the use of HCQ in this context. 
Complement activation, and therefore a potential role for eculizumab, has also been 
introduced as a potential target for therapy with APS. The participation of comple-
ment activation was investigated for the first time in murine models of pregnancy 
morbidities related to aPL, and increasing evidence is emerging from both in vitro 
and in vivo studies. The complement can be activated by binding of the C3 frag-
ment to the Fc receptor of aPL antibodies or by the formation of autoantibodies 
against C1q, which are frequently detected in patients with APS. The activation of 
the complement pathway and, consequently, the production of inflammatory mol-
ecules such as C5a by aPL, can directly activate platelets and monocytes, inducing 
the coagulation cascade, which leads to the clinical manifestations of APS. Although 
in the current literature several case reports describe the successful use of eculi-
zumab in severe cases of APS, such as catastrophic antiphospholipid syndrome 
(CAPS) and cases of APS and thrombotic microangiopathy, the potential role of 
eculizumab should be further investigated.

12. Neonatal lupus

Pregnancies in women with anti-Ro and anti-La have an increased risk of devel-
oping neonatal lupus (NLS) with or without lupus. Maternal antibodies cross the 
placental barrier giving a passively acquired fetal autoimmunity. Cutaneous lesions 
of subacute lupus and hematologic and/or hepatic alterations of the NLS tend to 
resolve with the elimination of maternal antibodies from 6 to 8 months of age, but 
the lesion of the developing fetal cardiac conduction pathway can be irreversible. 
Cardiac injuries include conduction defects, structural abnormalities, cardiomyopa-
thy, and congestive heart failure, but the most serious complication is the develop-
ment of irreversible complete heart block (CHB), which is associated with a high 
fetal mortality of 20%. NLS can affect 2% of pregnancies exposed to anti-Ro, but 
recurrence rates in new pregnancies are 16–20% after a first NLS event. The majority 
(up to 70%) of the survivors require the insertion of a permanent pacemaker and 
periodic changes of the same as the child will grow. The CHB may be preceded by 
lower degrees of driving delays, although it may be sudden onset. Most of the events 
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occur between 18 and 24 weeks of gestation, but there are later cases, and even post-
partum CHB has been described. Early detection and initiation of treatment could 
stop progression to CHB, but reversal of established CHB has not been reported. 
Multiple monitoring tools have been proposed for the early detection of cardiac 
conduction disorder, but fetal Doppler echocardiography remains the most widely 
used method. The most vulnerable period is between 18 and 24 weeks of pregnancy, 
so it is recommended in this period of pregnancy to monitor weekly all exposed 
fetuses, and then every 2 weeks. The detection of an early conduction defect with a 
prolonged RP interval should indicate the start of a prophylactic treatment to avoid 
CHB, although we do not have any effective guidelines. The maternal administration 
of fluorinated corticosteroids and beta-agonists has shown benefits in some specific 
cases. The treatment of established CHB remains an unresolved problem with mini-
mal benefit with any available approach. The high risk of recurrence in subsequent 
pregnancies justifies prophylactic therapy for pregnancies at risk. The beneficial 
effects of IVIg were reported in open studies, but two randomized controlled trials 
were negative. Both trials have been criticized for their methodology, but the use of 
IVIg in this context can still be considered as an option. HCQ again deserves special 
mention. Several studies have shown that HCQ reduces the risk of cardiac NLS in 
fetuses at risk and possible recurrences. In view of the multiple beneficial effects of 
HCQ, it is indicated in all pregnant women with lupus and anti-Ro [11].

13. Delivery

Women with SLE have an increased risk of preterm birth. This can occur 
spontaneously or due to maternal and/or fetal complications, such as a flare of 
severe lupus, preeclampsia, and FGR. Between 24 and 34 weeks of gestation, the 
acceleration of fetal lung maturation is essential, with steroids (preferably beta-
methasone), regardless of any steroid administered previously. Magnesium sulfate 
when gestational age is <32 weeks, due to its neuroprotective benefits for the fetus, 
should be administered in cases of severe preeclampsia. The objective in a pregnant 
patient with SLE should be a spontaneous delivery at term via the vagina. However, 
available data have revealed that women with SLE undergo a higher cesarean section 
(>33%, odds ratio (OR) 1.7, confidence interval (CI) 95% 1.6–1.9). Despite this, it is 
recommended that cesarean sections be reserved only for obstetric indications, due 
to their additional risk factor for venous thromboembolism (VTE), blood loss and 
infection, and repercussions for future pregnancies. Intravenous hydrocortisone 
may be necessary to overcome the physiological stress of labor if long-term oral ste-
roids, which are very common in SLE, have been taken. The standard prophylactic 
LMWH should be discontinued at the start of spontaneous delivery and the night 
before induced labor or elective cesarean section. Regional anesthesia (epidural or 
spinal) can be performed 12 hours after the last dose of LMWH.

14. Postpartum care

In the puerperium, we must control the activity of the SLE for the detection of 
flare or coexisting preeclampsia. The treatment for postpartum active SLE is similar 
to that of nonpregnant women. However, the use of some drugs may have effects 
on the nursing infant. Therefore, the risks and benefits of continuing to breastfeed 
should be clarified to the nursing mother. All women who received antenatal 
LMWH should continue using it for 6 weeks after delivery, in a prophylactic dose, 
since the puerperium is also a period of increased risk of VTE. In patients with 
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SLE, postpartum advice to offer safe contraception is particularly important. Good 
options are long-acting reversible contraception methods. The use of progestogens 
is only safe and can become an appropriate option. Contraceptives containing 
estrogen will not use women with aPL or APS, SLE with moderate to severe flare, 
lupus nephritis, and some other conditions, such as hypertension, smoking, obesity, 
or previous VTE, since they increase the risk of VTE. In cases of well-defined SLE 
with stable and/or mild disease, the use of combined oral contraceptives may be 
indicated. Contraceptive barrier methods have a high failure rate (15–32%) and, 
therefore, should not be used as a single method.

Abbreviations

SLE systemic lupus erythematosus
LA lupus anticoagulant
aCL anticardiolipin antibody
aβ2GPI anti-β2 glycoprotein I
aPL antiphospholipid antibody
HELLP hemolysis, elevated liver enzymes, and low platelets
sFlt-1 soluble fms-like tyrosine kinase
PlGF placental growth factor
CYC cyclophosphamide
LMWH low molecular weight heparin
ESR erythrocyte sedimentation ratio
MMF mycophenolate mofetil
HPA hypothalamic pituitary axis
AMH anti-mulleriana hormone
GnRH gonadotrophic hormone receptor
IUDs intrauterine devices
IVF in vitro fertilization
OHSS ovarian hyperstimulation syndrome
SLEPDAI SLE pregnancy disease activity index
LAI-P lupus activity index pregnancy
FGR fetal growth restriction
NSAIDs nonsteroidal anti-inflammatory drugs
ACE angiotensin-converting enzyme
DMPA depot medroxyprogesterone acetate
SLEDAI SLE disease activity index
PHC primary health center
FDA Federal Drug Association
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Chapter 6

Neuropsychiatric SLE: From 
Immune Mechanisms to Clinical 
Management
Emily Zhang and Trine N. Jorgensen

Abstract

In this chapter, we will describe neuropsychiatric lupus (NPSLE) as it develops 
and is treated in lupus patients, as well as means to study the disease using animal 
models. Based on mouse studies, we will discuss the correlation between inflam-
matory mediators, such as cytokines and autoantibodies, and the development 
of neurological symptoms with specific emphasis on the evidence for systemic 
versus local effects. We will describe specifically the effect of these mediators on 
the blood-brain barrier, microglia cell function, and the immune system. In addi-
tion, we will summarize signs and symptoms in NPSLE patients, especially with 
respect to primary versus drug-induced neurological issues and current treatment 
strategies. The chapter will offer a comprehensive review of old and new studies in 
animal models and patient populations and offer insight into how these results align 
with current treatment strategies offered to patients.

Keywords: neuropsychiatric lupus, animal models, autoantibodies, cytokines, 
treatment

1. Introduction

This chapter covers aspects of neuropsychiatric systemic lupus erythematosus 
(NPSLE), including basic science, as well as clinical features and management. 
Animal studies have been invaluable in informing our knowledge of pathogenesis 
and pathophysiology, especially in regard to elucidating immune mechanisms. 
Studies in two of the most commonly used mouse models, MRL/lpr and (NZB/
NZW)F1 (NZB/W), have led to the identification of autoantibodies and cytokines 
implicated in NPSLE development. Specific antibodies include anti-NMDA-NR2 
and anti-ribosomal P antibodies, as well as anti-phospholipid antibodies, that may 
play a role in perturbing the blood-brain barrier (BBB). There is evidence that BBB 
permeability may be the second hit needed to induce NPSLE, and cytokines have 
been repeatedly implicated in this process. Clinical correlations strengthen the 
argument for autoantibody and cytokine involvement in the pathogenesis, given the 
discovery of elevated cytokine and autoantibody titers in cerebrospinal fluid (CSF) 
from patients. Additionally, studies have been performed, whereby autoantibodies 
identified in NPSLE patients were injected into mouse models to induce an NPSLE 
phenotype.
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Since microglia are the major immune cells of the brain, we separately discuss 
how their activation can lead to pathophysiology. A connection with estrogen recep-
tors may also exist as seen in MRL/lpr mice. In addition, new evidence suggests that 
one of the most frequently studied cytokines in SLE, interferon-α (IFNα), may play 
an important role in NPSLE etiology. As such, studies have shown that deficiency in 
the IFNα/β receptor can reduce both systemic and neurological diseases in multiple 
lupus mouse models. Interestingly, IFNα has been independently associated with 
mood and cognitive symptoms, as seen in the side effects experienced by those who 
use it as treatment for various cancers and viral infections.

One aspect of NPSLE research that delves more into the clinical realm is the 
identification of biomarkers. A number of studies have looked at various potential 
biomarkers, including the aforementioned cytokines and autoantibodies. We review 
the evidence and emphasize the lack of consistent correlation, which is often a result 
of the wide ranging, vague, and often subjective manifestations of NPSLE. These 
include cerebrovascular disease, seizures, myelopathy, aseptic meningitis, move-
ment disorders, and demyelinating syndrome. Psychiatric features have also been 
described, such as psychosis and mood changes. Some of the more vague symptoms 
include cognitive dysfunction and acute confusional state. Because these clinical 
features often overlap with other neuropsychiatric conditions and many of these 
symptoms are difficult to quantify, reports of epidemiology are highly variable 
ranging anywhere from a prevalence as low as 12% to as high as 95%. Although 
NPSLE still often remains a diagnosis of exclusion, we cover consensus case- 
definition criteria and explore the role, if any, of imaging such as quantitative MRI.

Lastly, we discuss the management of NPSLE, which, due to the complex-
ity in diagnosis and lack of disease activity markers, has been mostly empirical. 
Corticosteroids and immunomodulators continue to be the mainstays of treatment, 
although they present numerous side effects. In addition, symptomatic therapy, 
including anticonvulsants, antidepressants, or antipsychotic medications, can be 
used. Antiplatelet and anticoagulation therapy should also be considered to manage 
cerebrovascular risk factors in those with antiphospholipid antibodies. In summary, 
the body of knowledge about the pathophysiology of NPSLE leaves much to be 
desired. Further studies in mouse models are necessary to identify more consistent 
biomarkers and develop targeted treatments for patients suffering from this disease.

2. Animal models used to study neurolupus

Given the difficulties in studying NPSLE in patients due to unclear associations 
with symptoms and timing of diagnosis, as well as overlap with other neurological 
and psychiatric syndromes, the use of murine models has been invaluable for eluci-
dation of pathological mechanisms and identification of better therapeutic targets. 
Three families of murine models for SLE have been studied, including spontaneous 
models, induced models, and genetically engineered models. Within spontane-
ous models, typically generated by selective inbreeding, the most commonly used 
models to study neuropsychiatric manifestations include the F1 hybrid between 
New Zealand Black (NZB) and New Zealand White (NZW) mice called the (NZB/
NZW)F1 hybrid (NZB/W) and the Murphy Roths large (MRL) strain [1]. NPSLE 
has not been studied extensively in induced or genetically engineered models.

2.1 MRL/lpr mice

The MRL/lpr model carries a spontaneously occurring mutation in the lympho-
proliferative (lpr) gene on the MRL inbred background. The lpr mutation is linked to 
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a variation in the fas gene that causes failure of lymphocytes to undergo apoptosis [2]. 
The result of this mutation is the accumulation of CD4, CD8, and CD3 T cells in lym-
phoid tissue [3]. MRL/lpr mice develop an accelerated and aggressive lupus-like disease 
characterized by immune-mediated damage to the kidneys, skin, heart, lungs, joints, 
and brain and by the presence of circulating autoantibodies against dsDNA and Smith 
antigen [1]. Young MRL/lpr mice also spontaneously develop behavioral dysfunction 
and mood changes, as well as a depressive-like behavior as measured by the forced-
swim test [4]. The presence of depressive symptoms in MRL/lpr mice has been found 
to correlate with titers of autoantibodies against dsDNA, the NMDA receptor, and 
cardiolipin [4]. Additionally, MRL/lpr mice display loss of preference for sweetened 
fluids, reflecting anhedonia, which is a core feature of major depression in humans [5].

Brain growth appears to be stunted in MRL/lpr mice, and ventricles increase in 
size along with development of autoimmune manifestations [1, 6]. More specifi-
cally, increased neurodegeneration, reduced dendritic complexity, and progressive 
atrophy of pyramidal neurons have been seen in the hippocampi of MRL/lpr mice 
[1]. Cyclophosphamide immunosuppression prevented atrophy and increased 
dendritic branching in MRL/lpr, thereby supporting the notion that autoimmunity 
is at least partly responsible for decreased brain growth possibly also affecting 
behavioral alterations [7].

Finally, SLE in humans has a well-known sex bias affecting females 9–10 times more 
than males [8]. Interestingly, this bias seems to be recapitulated in the depressive phe-
notype and autoantibody titers of MRL/lpr mice, with females exhibiting accelerated 
signs of both depression and autoantibodies as early as 5 weeks as compared to 18 weeks 
in males [9]. This suggests that autoantibodies may be implicated in the pathogenesis of 
NPSLE phenotype in this mouse model, as will be discussed further below.

2.2 (NZB/NZW)F1 mice

The NZB/W model develops a spontaneous and severe autoimmune disease 
with autoantibodies and defective immune complex clearance [10]. Manifestations 
of lupus in the NZB/W model resemble those of MRL/lpr mice. While they do not 
develop lymph node hyperplasia, they succumb to a progressive glomerulonephritis 
leading to fatal renal failure [2]. The sex bias of SLE is also recapitulated in NZB/W 
mice, with female mice exhibiting accelerated disease [11]. Beneficial effects from 
treatment with antiestrogen agent tamoxifen suggest that the sex difference is at least 
partly due to estrogen [12]. Signs of neurolupus in NZB/W mice manifest as progres-
sively increasing anxiety behavior and decreasing exploratory behavior [13], as well as 
learning and memory deficits that develop later in the disease course [14]. Moreover, 
immunosuppressive treatment with cyclophosphamide and prednisolone alleviated 
behavioral deficits in this mouse model [15]. Brains of NZB/W mice have mononu-
clear infiltration of cerebral and hippocampal blood vessels and in the choroid plexus 
[14]. Moreover, the mice display a reduction in neuropeptides, namely neuropeptide 
Y, substance P, and calcitonin gene-related peptide P in the cortex, hippocampus, and 
hypothalamus that correlate with the development of neurological deficits [16]. It 
was in this mouse model that anti-dsDNA antibodies were found to be cross-reactive 
with a peptide sequence, which was also found in humans and later identified to be a 
subunit of a neurotransmitter receptor (NMDAR-NR2) [17, 18], as addressed below.

3. Understanding of NPSLE-like pathogenesis

Polyclonal B cell activation and autoantibody production seem to play a major 
role in the pathogenesis of SLE; however, the initial events leading to this activation 
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and deregulation remain undetermined [2]. Still, overwhelming evidence supports 
a pathogenic role for autoantibodies as will be discussed further below.

One consideration necessary when discussing NPSLE pathogenesis, however, is how 
antibodies produced subsequent to B cell activation gain access to the CNS. The brain is 
immunoprivileged due to the existence of multiple barriers regulating entry of immune 
cells and compounds such as antibodies. As a result, it has long been thought that some 
kinds of disruption in these barriers are necessary for NPSLE disease to manifest [19]. 
This notion is further supported by the observation that some SLE patients have brain 
reactive autoantibodies in their sera but do not have neuropsychiatric disease [20, 21].

3.1 Three types of barriers

In addition to a high metabolic demand, the brain requires a tightly regulated 
environment free of toxins and pathogens, which is maintained by three types of 
barriers: the blood-brain barrier (BBB), the meningeal barrier in the arachnoid 
matter, and the blood-cerebrospinal-fluid-barrier (BCSFB) [19]. Due to the paucity 
of data in the literature, the meningeal barrier will not be further discussed here.

The BBB is perhaps the most widely discussed of the three, as it protects the brain 
from toxic elements in the blood but also allows for the entry and exit of compounds in 
a finely controlled manner [19]. This balance is achieved via coordination between mul-
tiple cell types that are collectively known as the neurovascular unit (NVU) [22–24].  
The NVU consists of endothelial cells lining the capillaries, neurons, astrocytes, 
pericytes, and microglia [22]. Tight junctions between endothelial cells form a layer on 
the luminal side of capillaries, thereby restricting paracellular diffusion. Pericytes are 
embedded in the basal lamina matrix that surrounds endothelial cells, and astrocyte 
endfeet reside on the outer surface of the basal lamina [22]. Astrocytes are thus able to 
communicate with both vasculature, as well as local neurons. Finally, resident microg-
lia use long processes to survey the microenvironment near the NVU [22].

The BCSFB separates the blood from the ventricular system, which is comprised 
of the lateral, CSF-filled third and fourth ventricles. CSF is produced and secreted 
by the choroid plexus, which consists of cuboidal epithelium that, among other 
characteristics, contains transporters that regulate CSF composition [25]. Albumin 
quotient and IgG index in the CSF are commonly used surrogates for BBB disrup-
tion; however, it should be noted that it is difficult to distinguish whether the source 
of these molecules is from BBB or BCSFB disruption, and further studies are needed 
to determine the relative importance of these barriers [19].

Historically, studies in mice have suggested that there need to be a “second hit,” 
namely a breach in the BBB for antibodies to access the brain, however, was recently 
challenged by studies failing to find an effect of BBB disruption [26], but rather 
an impact of BCSFB disruption [27]. As such, using exogenous tracers, Gelb et al. 
failed to find significant changes in BBB permeability in MRL/lpr mice but found 
abnormal function of the BCSFB in the choroid plexus, a potential site for lympho-
cyte infiltration [27]. Further studies are needed to identify the relative significance 
of BBB and/or BCSFB disruption in different animal models and in response to 
different inflammatory factors including cytokines and autoantibodies.

3.2 Evidence for BBB permeability

Older MRL/lpr mice have significant elevations of IgG and albumin levels in 
the CSF, suggestive of BBB disruption [28]. This is further corroborated by studies 
showing IgG filtration into brain parenchyma in MRL/lpr mice and increased per-
meability of nonautoimmune endothelial cells on treatment with serum from MRL/
lpr mice compared with serum from controls [29]. Interestingly, these effects were 



97

Neuropsychiatric SLE: From Immune Mechanisms to Clinical Management
DOI: http://dx.doi.org/10.5772/intechopen.82183

found to be mediated by terminal complement factor C5a [29], although further 
studies investigating the influence of complement on neurolupus phenotypes in 
MRL/lpr mice have yet to be performed. Another possible sign of BBB disruption 
is the finding that CD3 T cells penetrate into the choroid plexus and parenchyma 
of MRL/lpr mice [30]. Interestingly, the presence of brain infiltrating CD3 T cells 
was accompanied by splenomegaly and retarded brain growth [30], suggesting 
leukocyte infiltration as a mechanism for neurodegeneration. Finally, the BBB of 
MRL/lpr mice has also been found to stain for C1q complement particles and IgG, 
suggesting the presence of immune complexes [31], although whether such com-
plexes are functional or diagnostic remains to be determined. Finally, it should be 
mentioned that aquaporin 4 expression was increased in brains of MRL/lpr mice 
but reduced in response to a soluble complement inhibitor, suggesting that comple-
ment may play a specific role in driving cerebral edema and inflammation [31].

3.3 Brain-reactive antibodies

Evidence for the presence and involvement of brain-reactive antibodies (BRA) 
comes from the finding that levels of CSF IgG correlate with immobility on the forced-
swim test in MRL/lpr mice [32]. Specific BRAs have been identified and suggested to 
play a role in initiating, driving, or propagating NPSLE and will be discussed below.

3.3.1 Anti-NR2 antibodies

Glutamate is the main excitatory neurotransmitter of the brain, and the 
N-methyl-D-aspartate receptor (NMDAR) is an ionotropic glutamate receptor 
subtype consisting of two NR1 subunits in a complex with two of the four NR2 (a–d) 
or two NR3 (a and b) subunits [33]. It was discovered in the early 2000s that a subset 
of anti-dsDNA antibodies cross-react with the NR2 subunit of the NMDA receptor 
[34]. Anti-NR2 antibodies have been found in the sera of both NZB/W and MRL/
lpr mice and correlate with hippocampal and amygdala neuronal dysfunction and 
death even before NPSLE symptoms [17, 18, 35]. Neurons in the amygdala, anterior 
hypothalamus, cerebellum, and the hippocampus express a high density of NMDARs 
with subunits NR2a and NR2b [36], and so it follows that anti-NR2 antibodies would 
correspond with cognitive dysfunction. In clinical studies of SLE patients, up to 81% 
carry the anti-NMDA-NR2 antibodies, and anti-NR2 titers in the CSF of SLE patients 
correlate with diffuse symptoms, such as cognitive impairment, memory decline, 
impaired attention or executive functions, and depression [37]. The pathogenicity of 
anti-NR2 antibodies was further corroborated by the finding that transfer of isolated 
antibodies from lupus patient serum directly into the brains of nonautoimmune 
mice-induced neuronal cell death and impaired cognition [38, 39]. Interestingly, 
the concentration of anti-NR2 autoantibodies affects the function of the NMDA 
receptor differently; while low concentrations change synaptic function, high 
concentrations promote excitotoxicity, resulting in neuronal cell death by overacti-
vation of glutamate receptors and excessive calcium influx [40], making quantitative 
measurements important for diagnosis and treatment. It should be noted that in 
these studies, pharmacological breach of the BBB was necessary for symptoms to 
occur and only achieved with intravenous administration of lipopolysaccharide or 
epinephrine, eliciting a strong cytokine response driving BBB disruption.

3.3.2 Antiribosomal P antibodies

In the late 1980s, an association was found between elevated serum titers of 
antiribosomal protein (RP) antibodies and lupus psychosis in NPSLE patients [41]. 



Lupus - New Advances and Challenges

98

Although subsequent studies continued to find an association, an international 
meta-analysis subsequently found that anti-RP antibodies had limited diagnostic 
value [20]. Still, when anti-RP antibodies from NPSLE patients were injected into 
the ventricles of mice, animals developed depressive-like symptoms as measured 
by immobility [42]. Brains of these mice also showed anti-RP antibody staining 
in the hippocampus, cingulate cortex, and the primary olfactory piriform cortex 
[42]. Interestingly, symptoms were partially reversed when a specific anti-idiotypic 
antibody to anti-RP was administered [42]. Additionally, one study found that 
human-derived anti-RP antibodies affected glutamatergic synaptic transmission 
and plasticity related to memory in the hippocampus [43]. These findings are sup-
ported by studies showing an association between depression and the presence of 
anti-RP antibodies in lupus patients [44–46].

3.3.3 Antiphospholipid antibodies

Antiphospholipid syndrome (APS) is defined by the presence of lupus anticoag-
ulant (LA) or anti-β2-glycoprotein-I (β2-GPI), which is a subset of anticardiolipin 
(aCL) antibodies. SLE patients with APS are more likely to develop infarcts, stenotic 
arterial lesions, and white matter hypertrophy compared with SLE patients without 
APS [47]. Antiphospholipid antibodies have also been associated with psychosis 
in one [48] but not another [49]. Still, a meta-analysis of autoantibodies present in 
NPSLE patients found an increased prevalence of antiphospholipid (APL) positiv-
ity in patients with cerebrovascular disease and cognitive dysfunction [50].

A similar correlation was found in animal models. Mice immunized with a 
pathogenic monoclonal aCL antibody developed hyperactive behavior in an open 
field, and examination of brain tissue revealed thrombotic capillary occlusion and 
mild inflammation [51]. To further explore aCL antibody pathogenicity, Ig from 
an APS patient was administered into the ventricles of mice and was subsequently 
found to bind to the hippocampus and cerebral cortex [52]. The level of aCL anti-
body binding correlated with poor performance on the water maze [52], suggesting 
a specific role for these autoantibodies.

Other mechanism by which APS antibodies may contribute to NPSLE manifesta-
tions are via endothelial activation and the induction of a prothrombotic state [53] 
or via directly affecting BBB permeability and thus allowing for the penetration of 
pathogenic autoantibodies such as anti-NR2 antibodies [54]. Further studies are 
needed to determine the primary mechanism of aCL antibodies and their effect on 
brain health.

3.4 Cytokines

Cytokines have been implicated in neurotoxicity. For example, when CSF from 
MRL/lpr mice was administered into the CNS of a nonautoimmune rat, it induced 
neurotoxicity and periventricular neurodegeneration [55]. Exposure to lupus CSF 
also led to reduced neuronal viability of hippocampal neurons and astrocytes in vitro, 
suggesting the presence of intrathecal neurotoxic metabolites and/or cytokines [56].

As described above, cytokines may directly act to breach the BBB [19]. For 
example, peripheral administration of lipopolysaccharide (LPS), a cytokine 
inducer, or of recombinant IL-1 and TNF-α is sufficient to decrease motor and 
social activity and reduce food and water intake, reflecting depression and anhe-
donia, respectively, in C57BL/6 mice [57, 58]. The effect was most likely mediated 
by TNFα, since mice deficient in TNF-α receptors was resistant to both depression 
and sickness behavior [59], although specific analyses separating peripheral from 
brain-specific effects were not done. Further supporting a role for cytokines is the 



99

Neuropsychiatric SLE: From Immune Mechanisms to Clinical Management
DOI: http://dx.doi.org/10.5772/intechopen.82183

observation that increased serum levels of IL-1 correlated with blunted responsive-
ness to palatable stimulation in MRL/lpr mice [60]. Additionally, IL-6 production 
occurs early on and reduces sucrose preference, which is a behavioral alteration 
replicated by exogenous IL-6 administration [61]. IL-6 knockout mice are some-
what protected from the behavioral effects of LPS and IL-1 injection [62, 63], sug-
gesting that IL-6, as TNFα, is acting downstream of these mediators. Furthermore, 
treatment with cyclophosphamide abolished the rise in IL-6, as well as attenuated 
behavioral deficits and neuronal death in MRL/lpr mice [64, 65]. Finally, injection 
of IL-6 increased BBB permeability in rats [66].

An additional possible player is TNF-like weak inducer of apoptosis, 
TWEAK. TWEAK is a secreted ligand of the TNF family that mediates its effects 
through its receptor Fn14, and Fn14-deficient MRL/lpr mice displayed decreased 
depressive behavior and cognitive impairment as measured by decreased immobil-
ity in forced swim test and maintained preference for sweetened fluids compared to 
controls [67]. Fn14 knockout mice also showed improved BBB integrity as measured 
by albumin quotient [67], suggesting a specific effect of TWEAK on the BBB.

Separate from the typical proinflammatory cytokines (TNFα, IL-1, and IL-6), 
IFNα may play an important role in NPSLE. IFNα is an antiviral cytokine in the type 
I IFN family strongly implicated in the pathogenesis of SLE. Numerous studies have 
shown that type I IFN receptor (IFNAR) deficiency reduces disease in multiple lupus 
mouse models [68–70]. Similarly, clinical data from patients undergoing IFNα ther-
apy have shown neurotoxicity and induction of symptoms similar to those in NPSLE, 
such as cognitive impairment, seizures, and mood changes [71, 72]. In a bioassay 
containing plasmacytoid dendritic cells (the main INFα-producing cell type) and a 
source of antigen, CSF from NPSLE patients induced higher IFNα production than 
CSF from other autoimmune disease control subject [73], suggesting that specific 
antibodies and/or cytokines in CSF from SLE patients can stimulate IFNα produc-
tion, although the nature of such stimulants remains unknown. Most recently, it 
was shown that treatment of NZB/W mice with anti-IFNAR antibodies effectively 
blocked neurological symptoms and that IFNα directly affected microglia cells in 
vitro [74]. Future studies evaluating the specific lack of IFNAR expression within the 
brain will be important to determine if the effect of IFNα in NPSLE is predominantly 
peripheral or brain specific. Furthermore, studies addressing the importance of 
IFNAR expression on specific brain-associated cell subsets in vivo during disease 
development are required to develop suitable BBB-breaching therapies if needed.

In addition to a direct effect of cytokines on the BBB, it is possible that cytokines 
can target the CNS without BBB disruption. This possibility stems from studies 
showing that cytokines do not need to pass the BBB to regulate behavior [75]. The 
existence of an entity called “sickness behavior,” as characterized by lethargy, 
depression, malaise, and loss of appetite, supports the notion that immunity 
can affect behavior [57]. Sickness behavior is considered an adaptive response to 
infection that is mediated by cytokines, mainly IL-1, IL-6, and TNFα [75]. These 
cytokines have been separately implicated in the pathogenesis of psychiatric disease 
and are the same cytokines found to be elevated in MRL/lpr [76–78], NZB/W F1 
[66, 79], and human [80] studies of NPSLE as described above.

There are two ways by which cytokines can affect the brain without involving 
BBB disruption. First, cytokines may enter the brain through afferent branches 
of the vagus nerve, which contain macrophages and dendritic cells in their sheath 
[81], and secondly, phagocytic cells in brain regions surrounding the ventricles 
and the choroid plexus may themselves produce and release cytokines [82]. 
Evidence for the role of the vagus nerve includes studies that show that vagotomy 
reduces sickness behavior [83, 84] and brain IL-1 expression [85–87] in response 
to intraperitoneal LPS and IL-1. This finding may be mediated through cytokine 
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production by immune cells in the vagus perineural sheath [81]. It has also been 
found that macrophage-like cells and microglia in the brain regions surrounding 
the ventricles and the choroid plexus, which lack BBB, produce IL-1 in response to 
LPS administration [88, 89]. Thus, although the prevailing hypothesis is that BBB 
dysfunction is necessary for NPSLE manifestation, data from sickness behavior 
and depression research suggest that there may be BBB-independent cytokine-
mediated mechanisms.

In summary, cytokines contribute to NPSLE via a variety of mechanisms, 
including through the vagus nerve and periventricular brain regions without 
crossing the BBB, by directly causing BBB disruption, and/or by causing specific 
neurotoxicity.

3.5 Microglial activation

As the major immune cell type of the brain, microglia phagocytize redundant 
and unnecessary synaptic connections, thereby contributing to the structural orga-
nization of the brain and facilitating learning and memory [90]. Estrogen has been 
implicated in the pathogenesis of NPSLE via microglial activation. In female MRL/
lpr mice, global estrogen receptor (ER) α deficiency resulted in reduced numbers of 
activated hippocampal microglia and improved spatial memory, as measured by the 
Morris water maze performance, in a manner independent of serum autoantibody 
and estrogen levels [91]. However, it remains unknown if this effect was direct or 
mediated by reduced immune reactivity.

Recently, it was shown that also IFNα stimulates microglial reactivity, and 
treatment of lupus-prone mice with anti-IFNAR antibody was sufficient to reduce 
percentages of activated microglia and synapse loss, as well as prevent behav-
ioral phenotypes [74]. Moreover, increased IFNα signaling was also observed in 
postmortem hippocampal brain sections from patients [74], further supporting 
a pathogenic role for IFNα in NPSLE. Taken together, these data suggest that the 
pathogenesis of NPSLE may involve IFNα-driven and ER-mediated microglial 
activation.

4. Clinical phenotypes

4.1 Epidemiology

A prevalence as low as 12% and as high as 95% has been described for NPSLE 
manifestations. Different study designs, NPSLE symptoms studied, and population 
selection have contributed to discrepancies in reports.

The first set of standardized nomenclature was developed in 1999 by the 
American College of Rheumatology (ACR) Ad Hoc Committee on Neuropsychiatric 
Lupus Nomenclature. Case definitions were established for 19 different neuro-
psychiatric syndromes and divided into 12 central nervous system (CNS) and 7 
peripheral nervous system (PNS) manifestations, as listed in Table 1 [92]. The PNS 
manifestations are less common than CNS syndromes and are addressed elsewhere 
[93, 94]. CNS syndromes were further categorized into focal neurologic syndromes 
(cerebrovascular disease, seizures, myelopathy, aseptic meningitis, movement 
disorder, and demyelinating syndrome) and diffuse psychiatric/neuropsychological 
syndromes (cognitive dysfunction, mood and anxiety disorders, psychosis, acute 
confusional state, and headache).

As expected, the diffuse psychiatric/neuropsychological syndromes presented 
with more difficulties in diagnostic agreement due to their diverse presentations 
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and subjective nature [92]. In a subsequent cross-sectional validation study, these 
criteria were found to have a 46% specificity, thereby demonstrating inability of 
criteria to distinguish NPSLE patients from controls [95]. This low specificity was 
speculated to be partly attributed to the manifestations of NPSLE that overlap with 
other CNS conditions, as well as discrepancies in diagnosis of the diffuse neuropsy-
chological syndromes. When the validation study excluded syndromes without any 
indication of neurologic dysfunction, including headache, mild cognitive dysfunc-
tion, mild mood and anxiety disorders, and polyneuropathy without electrophysi-
ological confirmation, they were able to improve specificity to 91% [95].

To better understand the reasons for the high variability of prevalence estimates 
between different studies, Unterman et al. [96] performed a meta-analysis of 17 stud-
ies from 1999 to 2008 that applied the 1999 ACR case definitions. Using a subanalysis 
of 10 prospective studies, they found the prevalence of NP syndromes in SLE patients 
to be 56.3%, with a range from 23 to 95% [96]. In contrast, analyses of retrospective 
studies presented with a cumulative prevalence of only 17.6% [96]. A reason for this 
discrepancy may be that the syndromes that are more subjective to diagnose, such as 
headache, mood disorders, cognitive dysfunction, and anxiety, often had increased 
prevalence in prospective studies as compared to numbers obtained from retrospec-
tive studies [96]. In contrast, syndromes that may be considered more objective due 
to their measurability, such as seizures and movement disorders, showed little vari-
ability in prevalence from prospective versus retrospective studies and thus would be 
equally suitable for retrospective or prospective review.

Examination of studies at either end of the prevalence spectrum revealed 
several key characteristics influencing variability, including exclusion of subjective 
syndromes such as headache, differences in population characteristics such as age 

ACR criteria [92] Modified criteria by 
Ainiala [95]

Central nervous 
system—manifestations

Focal neurologic syndromes
Aseptic meningitis
Cerebrovascular disease
Demyelinating syndrome
Movement disorder (chorea)
Myelopathy
Seizure disorders
Diffuse psychiatric/neuropsychologica syndromes
Headache (including migraine and benign 
intracranial hypertension)
Acute confusional state
Anxiety disorder
Cognitive dysfunction
Mood disorder
Psychosis

Aseptic meningitis
Cerebrovascular disease
Demyelinating syndrome
Movement disorder 
(chorea)
Myelopathy
Seizure disorders
Acute confusional state
Cognitive dysfunction 
(moderate or severe)
Severe depression
Psychosis

Peripheral nervous 
system—manifestations

Acute inflammatory demyelinating 
polyradiculoneuropathy (Guillain-Barre´ 
syndrome)
Autonomic disorder
Mononeuropathy, single/multiplex
Myasthenia gravis
Neuropathy, cranial
Plexopathy
Polyneuropathy

Acute inflammatory 
demyelinating 
polyradiculoneuropathy
Autonomic disorder
Mononeuropathy, single/
multiplex
Myasthenia gravis
Neuropathy, cranial
Plexopathy
Polyneuropathy (with 
ENMG confirmation)

Table 1. 
ACR criteria for NPSLE syndromes.
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and race, and the level of detail in diagnosis, including the use of a comprehensive 
neurocognitive battery [96]. It should be noted that of the 19 syndromes defined 
by the ACR, none is specific to NPSLE, and thus when assessing prevalence and 
impact, comparison to control populations and attribution to SLE versus other 
diseases are important.

NPSLE diagnosis is still currently a process of exclusion, which requires a 
detailed history and comprehensive evaluation to rule out other causes of symp-
toms, such as primary neurological or psychiatric disease [97]. Laboratory studies 
are important to support a NPSLE diagnosis, in particular markers of inflammation 
such as erythrocyte sedimentation rate and complement levels [97]. Of the serum 
autoantibodies, perhaps the most consistently present are the serum aPL, with an 
estimated prevalence of 45% in NPSLE patients [98, 99], although it should be 
noted that presence of these autoantibodies does not preclude the possibility of 
concurrent SLE and primary neuropsychological disease.

4.2 Cerebrovascular disease

Cerebrovascular disease stemming from SLE is thought to be at least partially 
caused by antiphospholipid (aPL) antibodies, leading to thrombosis in cerebral 
vasculature [1]. Identified risk factors for cerebrovascular disease include chronic 
and high disease activity, high cumulative corticosteroid dose, persistently elevated 
titers of aPL antibodies, heart valve disease, and systemic hypertension [100, 101]. 
An additional contributor to cerebrovascular disease is the observation of prema-
ture atherosclerosis in the vasculature of SLE patients, which occurs independently 
of traditional cardiovascular risk factors [102]. Data in support of this include 
increased prevalence of carotid plaque in SLE patients compared with age- and 
sex-matched controls even after adjustment for traditional risk factors [103]. A 
recent study shows that the relative risk of subclinical atherosclerosis in SLE was 
comparable to that found in diabetes mellitus, a well-known and major risk factor 
for cerebrovascular disease [104]. Cerebrovascular disease can lead to events such 
as stroke, which can then lead to other NPSLE syndromes such as cognitive dys-
function [105].

4.3 Seizures

Seizures often occur early in NPSLE disease progression and are positively cor-
related with African race/ethnicity, lower educational status, and cumulative organ 
damage [106]. The correlation with race and education may be a reflection of socio-
economic status [107], which is a predictor of both functional status and mortality 
[108] and may influence access and adherence to treatment [106]. In prospective 
cohort studies, the most common seizure type was primary generalized; however, 
some patients also had partial episodes [109, 110]. Cerebral atrophy and cerebrospi-
nal fluid (CSF) pleocytosis are common findings in NPSLE, perhaps suggesting that 
there may be a lupus-related encephalopathic process seizure pathogenesis [93]. 
Independently of other symptoms, seizure occurrence can be an indicator of the 
level of disease activity [109, 111].

Seizures may occur many years before SLE diagnosis, potentially leading to 
erroneous diagnoses of epilepsy [109]. This misdiagnosis may be prevented by 
obtaining antinuclear antibody (ANA) and anti-double-stranded DNA (anti-
dsDNA) levels, as these are commonly elevated in patients with seizures attribut-
able to SLE [112] and would further support SLE as the etiology. In one larger 
prospective study, most seizures resolved without a negative impact on quality of 
life and did not require long-term antiseizure medication, although a smaller study 
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found a need for long-term continuous treatment with antiepileptics [113]. This 
discrepancy may be due to the latter study being retrospective, allowing for longer 
follow-up time. Seizure prevalence varies, as is the case with estimates of all NPSLE 
symptoms; however, most larger studies found a cumulative frequency of 5–10% of 
SLE patients [106, 109, 113].

It remains unclear if aPL antibodies are associated with seizure occurrence, as 
one study showed a positive correlation with seizure recurrence [114], while others 
did not [106, 111, 113]. Because antibody titers were not always measured close 
to seizure event time points, further studies are needed to better understand how 
antibodies may change with disease activity and therefore influence seizure occur-
rence. There is evidence, however, that antibodies may directly induce seizures by 
increasing neuronal excitability through inhibition of GABA receptors [115] and 
permeabilization and depolarization of brain synaptoneurosomes [116]; however, 
it is also possible that aPL antibodies lead to strokes, which predispose patients to 
seizures [111, 117]. Thus, aPL antibodies and strokes are confounding factors for 
seizure etiology [114].

Finally, consistent evidence supports a protective effect of antimalarials for 
seizure occurrence as well as overall survival [106, 118]. Evidence for a mechanism 
includes studies that show antimalarials interfering with interferon-α production 
and immune complex formation by preventing incorporation of RNA and DNA 
fragments into Toll-like receptors 7 and 9, respectively [119, 120]. Authors have 
also found lipid-lowering effects of antimalarials via interference with lipoprotein 
lipase activity [121–123]. Lastly, antithrombotic properties of antimalarials have 
been demonstrated in both mice [124] and patients [125, 126]. Thus, protection 
from seizures with the use of antimalarial agents may be related to the prevention of 
thrombosis.

4.4 Myelopathy and demyelination syndrome

Myelopathy is a general term used to describe any disorder of the spinal cord 
leading to paraparesis and/or sensory impairment, which can arise from a number 
of etiologies, such as ischemia, compression, metabolic, and inflammatory causes 
[127]. Myelitis technically refers to when a spinal lesion is secondary to inflamma-
tion; however, the two are often used interchangeably in the literature [127]. In 
the 1999 ACR criteria (see Table 1), myelopathy and demyelination syndrome are 
considered separate entities, with myelopathy referring to any rapidly involving 
spinal cord lesion, whereas demyelination syndrome encompassed demyelinating 
lesions anywhere in the CNS, which includes transverse myelopathy [92]. Due to the 
considerable overlap in these two syndromes, they will be considered together here.

Myelopathy in NPSLE usually refers to transverse myelitis (TM), which is an 
early, rapidly evolving but very rare manifestation (~1%) [96, 97]. The mechanism 
can be ischemic or inflammatory in nature, and symptoms typically manifest 
as flaccidity and hyporeflexia or spasticity and hyperreflexia [128]. Transverse 
myelopathy has been identified as the first manifestation of SLE [129] and has 
been associated with aPL positivity [130], suggesting aPL-induced thrombosis as a 
potential mechanism [131]. The evidence, however, has not been consistent  
[132, 133], and the presence of thrombosis does not explain involvement of differ-
ent levels of the spinal cord [134]. Some have suggested an aPL-induced vasculitis 
of spinal vessels [135] and loss of perfusion secondary to spinal cord swelling [128] 
as alternative mechanisms.

Demyelinating syndrome in lupus has been termed lupus sclerosis to indicate 
the clinical similarities with MS, such as optic neuritis, brainstem and cerebellar 
syndromes, spastic paraplegia, and other transient neurological deficits [93].  
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The term “clinically isolated syndrome” was originally developed to describe the 
first demyelinating episode suggestive of MS [136], but it could also be the first 
demyelinating episode of NPSLE [134]. Pathological studies confirmed that lupus 
sclerosis was indeed distinct from MS, with no evidence of primary demyelination 
[137]. Misdiagnosis can have disastrous consequences, as treatments for MS, 
especially interferon-based therapies, can exacerbate SLE [138]. Certain clinical 
findings, such as the concomitant presence of renal involvement, rash, arthritis, 
myalgia, PNS involvement, and meningismus, might indicate SLE as the underlying 
diagnosis [134]. Moreover, the presence of cerebrovascular disease or thrombotic 
events is the clue for concomitant or primary APS [139]. In fact, one study found 
that 8% of patients with aPL positivity had a previous diagnosis of MS or MS-like 
symptoms [140], suggesting that aPL screening should be conducted in patients 
presenting with MS-like symptoms, particularly since it is noninvasive and inexpen-
sive [134, 141].  
Additionally, high ESR, ANA, and lack of oligoclonal immunoglobulin bands in the 
CSF would support NPSLE etiology. Whereas type I IFN activity is elevated in SLE 
and implicated in its pathogenesis, type I IFN activity is low in MS [142] and IFNβ 
is actually used as a treatment for MS [143]. This difference suggests that measur-
ing serum type I IFN activity may be a useful way to distinguish patients who have 
demyelinating syndrome from SLE versus MS [142].

Optic neuritis in NPSLE is characterized by pain with ocular movements and 
visual impairment [134], and similarly, TM can be the first presentation of SLE and 
has been associated with aPL [144]. The combination of TM and optic neuritis is 
termed neuromyelitis optica (NMO). In a small cohort of SLE patients with white 
matter myelitis, NMO was found in roughly half of the patient population [128]. 
Interestingly, NMO is also associated with aPL positivity in addition to the presence 
of antiaquaporin autoantibodies [128, 145]. Antiaquaporin antibodies are specific 
to NMO and present in the sera of SLE patients years before the first NMO attack 
[146]. Additionally, serum IFNα activity was found to be high in NMO patients, 
similarly to patients with SLE [142], suggesting that NMO and SLE may share at 
least some similarities in pathophysiology.

NMO was only recently recognized to be an independent entity rather than a 
subset of MS [145, 147]. Additionally, because TM, optic neuritis, and NMO all have 
associations with aPL positivity, studies have suggested an intersection between 
SLE, MS, and APS [138, 141, 148]. Given that the literature on myelopathy in 
SLE still consists of mostly case studies [129, 130, 149–152], larger cohort studies 
are needed to better characterize these patients and distinguish pathogenesis of 
myelopathy from SLE versus MS. Additionally, a considerable amount of knowledge 
has been gained in the past two decades about various forms of myelopathy, and it is 
reasonable to consider reorganizing these syndromes in a revision of the 1999 ACR 
classification system [153].

4.5 Aseptic meningitis

Aseptic meningitis is a rare feature of NPSLE, but when it does present, it 
is usually earlier in the disease course and may signal the advent of other CNS 
complications such as transverse myelitis and strokes [93]. Diagnosis usually 
involves leukocytosis evident on cerebrospinal fluid analysis. Notably, nonsteroidal 
antiinflammatory drugs (NSAIDs) can cause aseptic meningitis [93]. Anywhere 
from 25 to 84% of lupus patients are treated with NSAIDs for symptoms such as 
synovitis, serositis, fever, soft tissue pain, and headache [154], making it difficult to 
determine the initiating factor. Regardless, many patients who experience drug-
induced aseptic meningitis have SLE, suggesting that there may be some inherent 
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predisposition, although the mechanism is unknown [155]. In summary, adverse 
medication events may complicate the diagnosis of primary versus treatment-
induced aseptic meningitis. Drug discontinuation is currently the only method to 
distinguish between these, as complete recovery can be observed after several days 
of drug discontinuation in drug-induced aseptic meningitis [155].

4.6 Movement disorders

Movement disorders in SLE are infrequent in adult NPSLE patients (<2%), 
although more frequently observed in juvenile SLE. When it occurs, it is often asso-
ciated with an acute flare and predominantly in women under the age of 30 years 
[93]. Manifestations include rigidity, tremors, masked facies, chorea, and akinesia, 
although symptoms are often transient in nature [93, 97].

4.7 Cognitive dysfunction

In 1999, the ACR committee proposed a standard 1-hour battery of neuropsy-
chological tests to assess cognitive function [92], which has since been tested and 
established for reliability and validity [156]. The definition of dysfunction included 
significant deficits in simple or complex attention, reasoning, executive skills, 
memory, visual-spatial processing, language, or psychomotor speed [92]. Studies 
have used different types and lengths of neuropsychological testing, thus contribut-
ing to a wide range of prevalence anywhere from 0 to 80% [156]. When the 1-hour 
battery as proposed by the ACR is used, the prevalence of cognitive dysfunction has 
a narrower range of between 23 and 60% [156].

Cardiovascular risk factors have been found to be related to the severity of 
cognitive dysfunction in SLE, in particular hypertension, which is also a risk factor 
for cognitive impairment in the general population [105]. In addition, hyperten-
sion itself has been associated with brain atrophy and cognitive dysfunction [157] 
and thus may contribute to the risk of cognitive dysfunction independently of 
SLE. Because cognitive impairment is also a common sequela of stroke [158], the 
association with aPL positivity may in fact be due to an occlusive vasculopathy [49]. 
Thus, screening for cardiovascular risk factors in SLE patients presenting with aPL 
positivity is important, as the risk for stroke may be significantly increased above 
baseline in these patients. Furthermore, this finding emphasizes that cognitive dys-
function is often sequelae of cerebrovascular events and may be prevented in some 
cases by addressing hypercoagulability and cardiovascular risk in SLE patients.

4.8 Mood changes

Mood changes in NPSLE encompass major depressive-like episodes, mood 
disorders with depressive, manic or mixed features, anxiety, panic disorders, and 
compulsion, with depression being the most common [97]. Not surprisingly, SLE 
disease activity is correlated with the presence and severity of major depression 
[159]. This connection may be a result of a multitude of mechanisms, including an 
independent association between mood and cardiovascular risk factors [100], as 
well as the psychological burden of having SLE in the first place, including illness 
stigma [160]. As discussed previously, elevated cytokine levels may also contribute 
to depression and anhedonia in NPSLE patients [75].

Similarly to psychosis (see below), it is important to determine if mood dis-
orders are a result of primary psychiatric disease or secondary to corticosteroid 
therapy, as studies have shown a correlation between corticosteroid usage and 
several mood disorders [161–164]. Mania seems to be more commonly caused by 
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acute corticosteroid therapy [161, 163], whereas long-term therapy is more likely to 
lead to depressive symptoms [164]. Psychiatric disorders typically occur within the 
first 6 weeks of corticosteroid treatment and are dose dependent [161]. Up to 90% 
of patients recover completely with discontinuation or a reduction in dosage [161]. 
Additionally, when mood disorders are the initial presentation of NPSLE, cortico-
steroids are not typically used. Rather, patients usually receive antidepressant and 
antipsychotic medications, which are effective in treating mood disorders second-
ary to NPSLE [162]. Thus, corticosteroid-induced mood changes are a confounding 
factor only when mood changes develop after NPSLE diagnosis and subsequent 
steroid therapy, and withdrawal of steroids and use of antidepressant/antipsychotic 
medications would be warranted at that time. Factors that would suggest an SLE 
etiology rather than an iatrogenic one include the presence of a chronological 
association, imaging and EEG abnormalities, non-CNS manifestations of SLE, and 
serious disturbances in memory and concentration [162].

4.9 Lupus psychosis

Psychosis is a disturbance in perception of reality usually characterized by 
delusions and/or hallucinations, in the absence of delirium, and causing significant 
distress or functional impairment [165]. Psychosis is a relatively rare event in SLE 
that, similarly to seizures, occurs early and transiently in disease course, if at all 
[144, 166]. The reported prevalence varies from 0 to 11% [167–169].

The ACR Committee adopted terminology from the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV) [170], and lupus psychosis 
falls under “psychosis due to a general medical condition” (DSM-IV 293.81/82), 
which excludes schizophrenia and brief psychotic disorder, as well as bipolar 
disorder [170]. Thus, NPSLE patients with psychosis secondary to schizophrenia, 
brief psychotic disorder, or bipolar disorder, although few, would not be captured 
under the category of lupus psychosis per strict ACR case definitions [166].

In a retrospective study of 11 patients with primary lupus psychosis and a mean 
follow-up of 13 years, all had good response to intensive immunosuppressive treat-
ment at the time of diagnosis and 70% achieved complete remission, suggesting a 
favorable long-term prognosis [166]. When diagnosing patients, it is important to 
distinguish lupus psychosis from iatrogenic steroid psychosis, for which hypoalbu-
minemia may be a risk factor [171]. Steroid psychosis is typically dose-dependent, 
occurs within 8 weeks of initiation, and usually resolves completely with dose 
reduction [162]. It should be noted that SLE itself is linked to a higher risk of steroid 
psychosis, possibly related to BBB damage, another risk factor for steroid psychosis. 
Therefore, it is important to identify new clinical readouts that are more suggestive 
of NPSLE, such as non-CNS manifestations, severe deficits in memory and concen-
tration, or focal neurologic deficits [162]. Moreover, there are a number of agents 
that can be used for prophylaxis of steroid-induced neuropsychiatric disorders; 
thus, if steroid therapy is unavoidable, concurrent administration with valproate 
and lithium should be considered.

4.10 Acute confusional state

Acute confusional state is synonymous with encephalopathy and is character-
ized by impaired consciousness or level of arousal, which can progress to coma 
[172]. It is rarer than the other CNS syndromes, with a reported prevalence of 4–7% 
of SLE patients [173]. The etiology of acute confusional state in SLE remains to be 
determined, as SLE-nonspecific events such as infections and metabolic distur-
bances can also cause this syndrome [174].
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4.11 Headache

In a meta-analysis of 35 studies of headache in NPSLE, the prevalence of 
all headache types, including migraine, was not different from controls, and 
insufficient evidence was found for the concept of “lupus headache” [175, 176]. 
Additionally, no specific mechanism for headache in SLE patients exists, and there is 
no link between headache and disease activity or cumulative organ damage  
[175, 177]. Pooled prevalence in this meta-analysis was 50.2%, in contrast to a much 
lower 12.2% in a more recent meta-analysis [96]. The estimate is closer to 30% if 
only prospective and elicited studies are included [96], suggesting that there is 
either underreporting in retrospective reviews or perhaps a component of recall 
bias in prospective studies. Additionally, it has been observed that headache preva-
lence can vary considerably with cultural differences, as Asian populations tend to 
report headache less frequently [178].

A recent prospective study of an international cohort found no link between 
headache and specific autoantibodies at time of study enrollment [177]. Although 
headaches negatively impacted quality of life, most headaches resolved indepen-
dently of lupus-specific therapies [177], further supporting the lack of evidence for 
“lupus headache.” There is inconsistency in diagnosing headache associated with 
SLE, even by physicians who specialize in SLE, and it remains unclear whether 
headache in SLE patients exists as an entity independent of other NPSLE events, 
such as meningitis, seizure, and cerebrovascular disease, and whether it warrants 
measurement as included in ACR criteria [175, 177].

The International Headache Society (IHS) has established criteria for the clas-
sification of all headaches, and in a 2008 study, they were found to be more exhaus-
tive than current ACR criteria and include categories such as chronic headache 
disorders, which were not included in the ACR criteria [176]. Thus, some headache 
disorders may not be classified [176]. Discrepancies in headache classification may 
also explain prevalence variance. Additionally, cluster headaches are included in the 
criteria but evidence for its existence in NPSLE is sparse. This weakness suggests 
that ACR criteria may be in need of revision, especially given that IHS criteria is 
already used as the basis for clinical trials of headache treatments.

4.12 Summary

In conclusion, the clinical syndromes of NPSLE are varied and each presents 
with challenges in diagnosis and classification. The ACR criteria are in need of an 
update to offer more specificity, as pathogenetic mechanisms cannot be elucidated 
if there is no consensus about which patients have the syndrome. Because none of 
the syndromes discussed above are unique to NPSLE, there are often already pre-
existing classification criteria, such as those for headaches and psychosis. As such, 
it is important in future studies to adhere to more stringent and consistent criteria 
rather than using inconsistent classification or evaluation methods. This approach 
would likely also limit the high variability in prevalence estimates of all NPSLE syn-
dromes, notwithstanding the already subjective nature of many of these syndromes 
as well as differences in population characteristics. Many of these syndromes, 
such as seizures, myelopathy, and psychosis, present early on and can be the initial 
manifestation of NPSLE. Thus, as is the case with any disease, successful diagnosis 
of NPSLE starts with its inclusion on the list of differentials, although it remains 
a diagnosis of exclusion due to the lack of consistent biomarkers. A recent review 
detailed a diagnostic algorithm incorporating ACR case definitions and results from 
other studies suggesting modifications [94], and use of this may likely improve 
diagnostic accuracy and precision of prevalence estimates for future studies.
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5. Evaluation and diagnosis

5.1 Imaging

A variety of imaging modalities are available for use in patient evaluation, 
including both anatomical imaging, such as CT, MRI, and magnetization transfer 
imaging, as well as functional imaging, such as functional MRI, PET, and SPECT 
imaging [97]. For a review of the most prevalent findings in NPSLE for each 
modality, see the review by Jeltsch-David and Muller [97]. As expected, the focal 
neurologic syndromes, namely seizures, cerebrovascular disease, myelopathy, and 
demyelinating syndrome, have the most identifiable imaging manifestations. MRI 
is perhaps the most commonly used technique due to its availability and popularity 
as an anatomical imaging modality, despite its poor sensitivity and specificity for 
NPSLE [97]. Additionally, MRI is often used in the workup of primary neurological 
diseases and is necessary to exclude these in the etiology of symptoms. For example, 
MRI can help to exclude infection and malignancy [131], and since NPSLE is a diag-
nosis of exclusion, MRI is a necessary part of the evaluation. Additionally, specific 
MR sequences with fluid attenuated inversion recovery and diffusion weighted 
imaging are recommended to improve sensitivity and specificity [93].

5.2 Biomarkers

Patient evaluation consists of first collecting a detailed medical history and 
ensuring exclusion of more common etiologies of NPSLE symptoms prior to 
chasing a diagnosis of neurolupus [97]. Only then, it is worthwhile to pursue 
broad laboratory investigation, such as CSF analysis, complement levels, erythro-
cyte sedimentation rate, as well as autoantibody panels. Identification of reliable 
biomarkers remains elusive, hence the continued need for pathogenetic inquiry 
[97]. Mechanisms are complex, and due to the diversity of presentations, no 
single pathway has been identified as a sole marker of disease. However, some 
commonalities include BBB dysfunction, vascular occlusion, neuroendocrine-
immune imbalance, tissue damage mediated by autoantibodies and proinflamma-
tory cytokines, and direct neuronal cell death [97]. Additionally, it is important 
to consider the heterogeneity of the studied population and assays used to assess 
antibody levels [179].

Antibodies to consider measuring include those targeting phospholipids, 
ribosomal P peptides, glial fibrillary acidic protein (GFAP), NMDA receptor, 
microtubule-associated protein 2 (MAP-2), and matrix metalloproteinase 9  
(MMP-9). As outlined above, many of these have also been identified in animal 
models of NPSLE, further supporting potential causative and/or diagnostic 
relationships. Details on the specificity and association of each of these antibody 
specificities with each NPSLE syndrome were recently summarized [97]. In a recent 
meta-analysis of 41 studies of serum and CSF autoantibodies in NPSLE, signifi-
cantly more NPSLE patients demonstrated positivity for serum aCL Abs, LA Abs, 
anti-RP Abs, antineuronal Abs, and CSF antineuronal antibodies as compared to 
SLE patients [50]. Thus, they suggest that measurement of these antibodies may 
help to identify patients at the risk of developing NPSLE.

It is important to note that multiple measurements of antibodies are needed 
for the most complete assessment, as antibody levels have been shown to fluctuate 
with time and disease activity (flares) [179]. Specific testing recommended for each 
syndrome is detailed elsewhere [131]. Measurement of aPL antibodies is warranted 
particularly if patients present with cerebrovascular disease, seizures, myelopa-
thy, or cognitive dysfunction, as aPL-induced thrombosis is implicated in the 
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pathogenesis of these conditions. Positivity for aPL also influences management, as 
discussed further below.

Importantly, none of these antibodies have an adequately consistent association 
to qualify as a reliable biomarker, with even the most studied antibodies peaking 
at around 50% for prevalence in patients with NPSLE [97]. For example, antiribo-
somal P antibodies generated a great deal of interest, due to its early discovery in 
patients with lupus psychosis [41]. However, although early studies found diagnos-
tic value, more recent studies shed doubt on its accuracy for NPSLE diagnosis [20]. 
A handful of cytokines, however, do show promise as being consistently elevated, 
among which is the aforementioned IFNα [73, 97]. Thus, more research is needed 
to determine if IFNα or other cytokines, such as IL-6, IL-8, and IL-10, would be 
suitable biomarkers or markers of disease activity.

6. Management

Due to the dearth of controlled trials for NPSLE therapy, current clinical 
practice is still defined by either addressing inflammation with immunosuppres-
sive medication or ischemia and thrombotic events with anticoagulants [180]. 
Immunosuppression, which is still currently the mainstay of treatment for NPSLE, 
consists of corticosteroids alone or in combination with a second immunosuppres-
sive agent [131]. Options for additional immunosuppression include cyclophospha-
mide, azathioprine, mycophenolate mofetil, methotrexate, cyclosporine, rituximab, 
intravenous immunoglobulins, therapeutic plasma exchange, and hematopoietic 
stem cell transplant as a last resort [131]. Because corticosteroids have the most 
immediate antiinflammatory effect, they are often used in treatment of SLE disease 
flares, although dosing is still often empirical [181]. In addition to the previously 
discussed side effects of mood disturbances and psychosis, glucocorticoids can 
also cause hypertension, dyslipidemia, and increase the already elevated risk for 
cerebrovascular events in SLE [182]. Keeping doses <7.5 mg/day as well as the use of 
methylprednisolone pulses rather than long-term steroid therapy may help to miti-
gate the long-term adverse effects [183]. Thus, steroid therapy for NPSLE should be 
administered judiciously, and it may be prudent to use the minimum effective dose 
and titrate up as needed, reserving the higher doses for the acute setting.

Of the other immunosuppressive agents, cyclophosphamide was the only one 
tested in a randomized controlled clinical trial in acute, severe NPSLE, which 
found that treatment response was higher in the cyclophosphamide group versus 
the methylprednisolone group [184]. However, a subsequent Cochrane review 
categorized this study as low quality evidence due to its small size and high risk of 
allocation concealment, blinding, and selective reporting [185], thus highlighting 
the need for more high-quality randomized controlled trials evaluating the different 
immunosuppressive agents. Of the remaining options, azathioprine is most often 
used clinically as maintenance therapy following cyclophosphamide induction 
due to its milder side effect profile, and rituximab is used as a second-line therapy 
for severe, refractory NPSLE, although none of these agents have sufficient high-
quality evidence to support their use [131].

Symptomatic therapy, which does not address the underlying pathology of 
NPSLE, is often the first treatment for SLE patients presenting with NP symptoms 
due to a lack of recognition of NPSLE [131]. Examples include antidepressive 
and antipsychotic agents for mood disturbances and psychosis, antiepileptics for 
seizures, dopamine agonists for movement disorders, and NSAIDs for headache 
[131]. These agents can be sufficient for symptomatic control in those with mild 
NPSLE disease. In those experiencing cognitive dysfunction or mood disturbances 
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secondary to the psychological burden of disease, psychoeducational group inter-
ventions may be beneficial [186, 187].

Primary prevention strategies, defined as preventing the onset on NPSLE, 
have been suggested with the use of hydroxychloroquine [144, 188], which is 
advantageous since hydroxychloroquine is a widely used and safe therapy for 
SLE [131]. As discussed previously, antimalarials are associated with less damage 
accrual [189] and have been shown to reduce mortality [118, 190], reduce car-
diovascular disease and thrombotic risk [122, 123], and protect against seizures 
[106]. Statins may affect the regulation of inflammatory processes leading to ath-
erosclerosis [191] and thus would be a reasonable agent to consider in the primary 
prevention of cerebrovascular events in NPSLE. However, a 2-year trial of statin 
therapy showed no benefit in primary or secondary atherosclerosis outcomes in 
SLE patients [192]. Accordingly, statins should be started in NPSLE patients with 
hyperlipidemia who meet criteria based on current cardiovascular disease guide-
lines [131]. Lastly, antiplatelet agents and anticoagulants are crucial for primary 
and secondary prevention of thrombotic complications in NPSLE patients [131]. 
Recommendations from a task force published in 2011 state that SLE patients 
with medium-high titers of aPL-antibodies should receive primary thrombo-
prophylaxis with hydroxychloroquine and low-dose aspirin [193]. In a more 
recent randomized controlled trial of 166 SLE patients with aPL, no difference in 
thrombosis rate was found between those that received low-dose aspirin versus 
low-dose aspirin plus low-intensity warfarin [194]. Those with aPL-antibodies 
should also receive low-molecular-weight heparin for prophylaxis during high-
risk situations, such as surgery or prolonged immobilization [193]. Low-dose 
aspirin is still recommended in patients with aPL even if they do not have SLE 
[193]. Patients diagnosed with APS following a thrombotic event should receive 
heparin followed by long-term anticoagulation with warfarin [193]. It is worth 
noting that the newer direct oral anticoagulants (DOACs), such as thrombin 
inhibitor dabigatran and antifactor Xa inhibitors rivaroxaban and apixaban, may 
be advantageous due to their fixed dosing and more predictable anticoagulant 
effects as compared to warfarin. Currently, insufficient evidence exists to recom-
mend their use in APS, SLE and NPSLE, although ongoing trials are investigating 
their efficacy in APS specifically [195].

6.1 Potential future therapies

In addition to the lack of evidence for the use of broad immunosuppression in 
NPSLE, many of the drugs described above have an array of adverse and poten-
tially debilitating side effects [131]. This emphasizes the need for more targeted 
therapies that may have greater efficacy in additional to minimizing the side effect 
profile. Some future candidates include factors implicated in BBB dysfunction, 
such as TWEAK, a pro-inflammatory cytokine in the TNF superfamily, as well as 
eculizumab, a humanized monoclonal antibody that blocks terminal complement 
generation, which again interferes with BBB integrity [131].

Of the potential future targets, perhaps the most promising is IFNα. Treatment 
with anti-IFNα antibodies has been shown to reduce SLE disease activity [196], and 
as previously discussed, IFNα has been consistently implicated in mouse models 
[68, 74, 197] and patients [73, 198] with NPSLE. More recently, anifrolumab, a 
type I IFN-receptor antagonist, was explored as a treatment option for moderate to 
severe SLE [199]. Unfortunately, patients with CNS syndromes were excluded in 
this study. Given the evidence for a pathogenic role of IFNα in mouse models of SLE 
and the identification of elevated IFNα levels in NPSLE patients, it will be impor-
tant to study the response to anifrolumab therapy in NPSLE patients [74].
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7. Conclusion

In summary, NPSLE is a debilitating disease that affects a number of SLE 
patients. Due to diverse presentations and overlap with other diseases, it is a 
particularly challenging entity to characterize and study. Here, we have reviewed 
the basic science, including commonly used mouse models, the involvement of the 
BBB, autoantibodies, cytokines, and microglial activation. We have also covered the 
various clinical phenotypes, emphasizing the wide range in reported prevalence, 
lack of suitable biomarkers, and steps in evaluation and management. The informa-
tion presented herein calls for further research into the basic mechanisms driving 
NPSLE to ultimately improve quality of life for patients with this disease.
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