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Abstract 

Juvenile-onset systemic lupus erythematosus (JSLE) is a complex autoimmune 

disorder characterised by chronic inflammation, multiple organ damage and 

increased risk of cardiovascular disease (CVD). Disease onset in JSLE is more 

common during puberty and the female to male ratio is 4.5:1, suggesting a hormonal 

importance in disease pathogenesis. Work by the Jury lab in adult-onset SLE links 

immune cell dysregulation with defects in plasma membrane lipids rafts; signalling 

platforms that facilitate immune cell activation and effector function. However, in 

patients with JSLE, the immune system is still developing and very little is known 

about disease pathogenesis, whether it is the same as adult disease and whether 

the same treatments available to the adults are relevant for this younger group of 

patients. 

My hypothesis is that altered lipid metabolism leads to changes in immune cell 

function; differences in lipid metabolism exist between males and females and 

defects in these pathways contribute to JSLE pathogenesis. My aims were to 1) 

investigate sex differences in immune and metabolic phenotype in healthy 

individuals and JSLE patients, 2) assess the relationship between immune cells and 

serum lipids and 3) identify predictive biomarkers for CVD risk in JSLE. 

Using in depth immunophenotyping by flow cytometry and metabolomic analysis, 

this study has identified fundamental differences between healthy adolescent males 

and females. Males had increased regulatory T-cell (Treg) frequencies, altered lipid 

raft profiles and functional differences including an increased IL-4 production and 

suppressive capacity compared to females. These Treg phenotypic differences were 

associated with the very low density lipoprotein (VLDL) signature connected with 

males. In a chronic inflammatory setting (JSLE), these differences were lost 

between males and females. I also found that JSLE patients could be stratified 

according to their serum lipoprotein profile allowing potential identification of patients 

with increased CVD risk.  

This work provides evidence that a combination of pubertal development, immune 

cell defects and dyslipidemia may contribute to JSLE pathogenesis. Patient 

stratification has identified a unique group of patients that could benefit from lipid 

modification therapy, reducing both CVD risk and immune cell activity. 
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Impact Statement  

This work has identified 3 important findings; 1) Fundamental differences in the 

immune and metabolic profile of young males and females exist that are lost in 

JSLE, 2) JSLE patients can be stratified using metabolomics into groups with unique 

CVD risk and immune phenotype and 3) patients have fed back their opinion on how 

diet could be implicated into the management of CVD risk and disease symptoms. 

A consistent theme throughout this work was to make it as translatable to a clinical 

setting as possible. The data supports a promising therapeutic opportunity for the 

use of lipid modification therapies or diet in the treatment of autoimmune diseases; 

this will help inform future clinical trials. I have highlighted that patient stratification 

will be important in these strategies. I have also identified a biomarker that can be 

implicated into a clinical setting to identify those patients that may perform better on 

these therapies. Implicating diet into disease management could remove patient 

reliance upon drugs and give them more tailored control over their disease 

management.  

A vast majority of the ‘omics data analysed in this project will be beneficial for 

comparison to other diseases and healthy controls in future studies. There is a 

wealth of information here that can open many future projects and collaborations. 

Some of the methods used in this project have been adapted to fit specific 

purposes, such as protocol adaptations, antibody titrations, flow cytometry panel 

and primer designs which will be of use to future colleagues and researchers. 

Patient and Public Involvement and Engagement (PPIE) has been an important 

aspect of this work. An online questionnaire followed up by a focus group meeting 

has given me the opportunity to communicate with patients to investigate how diet 

management could be implicated into their lives to control their disease. Patients 

have shown an overwhelmingly positive response to these ideas and have already 

begun to help us design a clinical trial that reflects both the research and their ability 

to adhere to the specific diet. Meeting patients has been a privilege and helped me 

to focus research and boost my enthusiasm to help and translate from ‘bench to 

bedside.’ I have also been involved in healthy control sample recruitment where 

students from schools learn about the research we are doing to give a mutually 

beneficial experience. 
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I have had the pleasure of supervising a talented master’s student and part-

supervising a BSc student on a branch of this project which has both boosted my 

confidence and given me valuable experience in academic teaching. This highlights 

a further impact this project has had in the academic sector. 

I have received huge recognition of this work through abstract submissions, having 

been given the opportunity to present this work orally at the BSI, BSR, ACR, PReS 

and the BSI London inflammatory group meeting. This has allowed me to 

communicate this work with leading researchers around the world and raise 

awareness about this topic. I have also received university recognition, nominations 

and prizes for this work through winning 1st place at the Division of Medicine 

research retreat 3 minute presentation and a nomination for and 2nd place prize in 

the Dean’s Research Prize 2018. This is further evidence of the impact this project 

has had at the university. 

Finally, I have published a review on this area of research which has helped raise 

awareness and 2 manuscripts are currently in development for publication.  
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1. Introduction 

1.1. Clinical and demographic presentation of JSLE 

1.1.1. Overview 

The incidence of JSLE is predicted at around 0.36–0.9 per 100,000 children per 

year [1]. Like adult-onset SLE, JSLE is difficult to diagnose due to the symptoms 

mimicking those of many common diseases. A combination of clinical and laboratory 

features are used to diagnose the disease and these features can be 

heterogeneous from patient to patient. The presence of antinuclear antibodies 

(ANA), anti-DNA (dsDNA) and anti-Sm (Smith) antibodies are key serological 

diagnostic features and dsDNA titre can be used as a contributory measure of 

disease activity. Complement component proteins C3 and C4 are low in many JSLE 

patients [2] and also reflects disease activity. JSLE patients have a high erythrocyte 

sedimentation rate (ESR) during disease flares but the C-reactive protein (CRP) 

response is typically normal, unless there is serositis or inflammatory arthritis where 

it can be mildly elevated. A classification criteria exists for SLE which also apply to 

JSLE, the 1997 Revised American College of Rheumatology (ACR) criteria, where 

patients must present with at least 4 of 11 clinical or laboratory criteria [3] (Table 

1.1-1). Many comparative clinical studies have shown on average that JSLE patients 

have more aggressive disease presentation to adult-onset patients with significantly 

increased major organ involvement and increased standardised mortality ratio; this 

mortality risk increases with disease duration [4-7] (Figure 1.1-1). Whilst disease 

onset is more common during puberty, JSLE is rare below the age of 5 years and 

the female to male ratio becomes more pronounced post-puberty. One of the largest 

national cohorts of patients with JSLE following 232 patients from 14 centres across 

the UK identified a median age at diagnosis for JSLE of 12.6 years (interquartile 

range 10.4–14.5 years) [8]. In addition, the female to male ratio in in SLE is 3–5:1 in 

children and 10–15:1 in adults [9]. This suggests hormones play a key role in 

disease pathogenesis and progression. JSLE influences education and social 

progress and with the immune system still developing in these young patients it is 

more difficult to predict side effects of treatments. Disease severity can range from 

facial rash and fatigue to fatal organ complications [2]. The increased organ 

involvement in JSLE compared to adult-onset SLE patients dominates the renal 

system; this has been confirmed by many studies across multiple cohorts (Figure 

1.1-1) [4, 6, 10-12]. Urine tests are therefore routinely tested at every visit to monitor 

JSLE patient kidney function and development of lupus nephritis. Other systems that 
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have been shown to be more affected in JSLE compared to adult-onset SLE are the 

central nervous system (neuropsychiatric) and haematological systems [8, 13]. The 

bias of neuropsychiatric involvement however remains controversial; some studies 

have supported evidence of this bias in their cohorts [13-15] whereas Ambrose et al. 

found no significant difference when comparing the whole JSLE population of a 

large UK patient cohort to the adult-onset population [6] (Figure 1.1-1). JSLE 

patients also have an increased risk of myocardial infarction (MI) with a 100- to 300-

fold increased risk of death from cardiovascular disease (CVD) compared to age 

matched controls [16]. 

A lack of studies comparing JSLE to adult-onset SLE, particularly from a basic 

science setting, makes conclusive disease isolation of JSLE from adult-onset SLE 

difficult. There are also limitations to many comparative studies including small 

cohort sizes and some adult cohorts often include patients diagnosed as a child; 

delayed diagnosis can also result in false categorisation into juvenile- or adult-onset 

SLE.  
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Table 1.1-1: Diagnostic criteria of for (J)SLE 
 

Symptom Description 

Malar rash Fixed erythema, flat or raised, over the malar eminences 

Discoid rash 
Erythematous circular raised patches with adherent 
keratotic scaling and follicular plugging; atrophic scarring 
may occur 

Photosensitivity Exposure to ultraviolet light causes rash 

Oral ulcers 
Includes oral and nasopharyngeal ulcers, observed by 
physician 

Arthritis 
Non-erosive arthritis of two or more peripheral joints, with 
tenderness, swelling, or effusion 

Serositis 
Pleuritis or pericarditis documented by ECG or rub or 
evidence of effusion 

Renal disorder Proteinuria >0.5 g/d or 3+, or cellular casts 

Neurologic disorder Seizures or psychosis without other causes 

Hematologic disorder 
Haemolytic anaemia or leukopenia (<4000/L) or 
lymphopenia (<1500/L) or thrombocytopenia (<100,000/L) 
in the absence of offending drugs 

Immunologic disorder Anti-dsDNA, anti-Sm, and/or anti-phospholipid 

Antinuclear antibodies 
An abnormal titre of ANA by immunofluorescence or an 
equivalent assay at any point in time in the absence of 
drugs known to induce ANAs 

1997 Revised ACR criteria [3] 
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Figure 1.1-1: Clinical comparison of major organ involvement and mortality 
between JSLE and adult-onset SLE 
Figures obtained from Ambrose et al. Lupus 2016 [6]. Summary data displaying the 
percentage of patients in a study cohort displaying (A) lupus nephritis and (B) 
central nervous system (CNS) organ involvement as well as (C) the standardised 
mortality ratio in the largest ever comparison of SLE across different age groups.  
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1.1.2. Current approaches in the treatment of JSLE 

Management of JSLE is difficult due to the limited number of therapeutics developed 

specifically for the disease; this usually entails tailored trial and error treatment with 

close patient drug response follow up. Hydroxychloroquine (anti-malarial) is 

introduced in the majority of JSLE patients to reduce the frequency of disease flares 

and delay the onset of symptoms associated with SLE; however knowledge on its 

mode of action is limited [17]. Glucocorticoids (a subset of corticosteroids) such as 

prednisolone are the backbone of acute phase JSLE treatment that act through 

rapid and broad immunosuppression. Methotrexate and azathioprine (anti-

proliferative effects on lymphocytes) are among the range of other 

immunosuppressive therapies used to treat JSLE. More powerful therapeutics such 

as cyclophosphamide (anti-proliferative effects on lymphocytes) and mycophenolate 

(inhibits DNA synthesis) are used for more severe disease and organ involvement 

such as central nervous system (CNS) and nephritis [2, 17]. Recently a drive into 

the development and use of biologic therapies, such as the monoclonal antibodies 

rituximab and belimumab, has proved beneficial in specific patients. These therapies 

promote B-cell depletion (CD20) and inhibit B-cell development/survival (B-cell 

activation factor) respectively [18, 19]. Targeting T-cells with biologics has also 

shown to be beneficial in SLE, an example being the use of abatacept which binds 

to cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) to inhibit its interactions 

with antigen presenting cells [20]. Protection from infection is crucial for these 

immunocompromised patients as well as protection from sun light due to increased 

skin sensitivity in JSLE. In addition, there is evidence that corticosteroids can have 

adverse effects on the cardiovascular system including hypertension and 

dyslipidaemia [21]. In a disease with increased cardiovascular risk new therapies 

are of huge demand that can manage both inflammation and cardiovascular risk.  
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1.2. Conventional pathogenesis of JSLE 

The precise pathogenesis of SLE, and therefore JSLE, remains unknown but is 

clearly multifactorial including genetic, environmental, hormonal, and immunological 

factors that play a crucial role in disease susceptibility, severity, and progression 

(Figure 1.2-1). 

1.2.1. Genetics 

A genetic association with the development of SLE has long been recognised and is 

also a feature of patients with JSLE. In one study 38% of patients with JSLE had a 

family history of at least one autoimmune condition (of which 15% had SLE) [8]. 

Furthermore information obtained from a genome wide association study conducted 

over three decades has identified >30 SLE associated genetic variants in a range of 

genes, where the gene products participate in key pathogenic pathways [22]. In a 

study designed to determine the relationship between genetic risk and age of 

disease onset in patients with SLE, Webb et al [23] genotyped 19 single nucleotide 

polymorphisms SNPs that had been identified previously as SLE genetic 

susceptibility loci.   This work revealed that in a multi-racial cohort of 1317 patients 

with SLE, those with early-onset had a more severe disease and this was 

independent of gender, race, and disease duration. 

Thus although important, it is clear that genetics alone cannot account for JSLE 

pathogenesis and the wide variation in clinical and immunological features seen 

amongst patients. A recent case study reported two female siblings with a five year 

age difference simultaneously presenting with SLE symptoms of contrasting clinical 

history and disease activity. The older sibling, aged 15, presented with a slow 

accumulation of constitutional symptoms from the age of two months with positive 

ANA, anti-dsDNA, lupus anticoagulant (LAC) and anti-cardiolipin (aCL) antibodies. 

The younger sibling, aged 10, developed a high fever initially, followed by rashes, 

then a sudden onset of symptoms including pedal oedema and seizures. Like her 

sister, she was found to have positive ANA and anti-dsDNA antibodies but no LAC 

or aCL antibodies. The occurrence of SLE in two siblings at the same time, with 

such a dissimilar disease course may point to an acquired factor as a trigger for 

JSLE [24]. 

1.2.2. Infection 

It has been vigorously proposed over the years that SLE may result from an 

irregular reaction or lack of immune control in response to a common infectious 
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agent. This hypothesis is corroborated by the observation that lupus-prone mice 

raised in a germ free environment have prolonged survival [25]. The Epstein-Barr 

virus has long been associated with lupus autoimmunity, and Epstein-Barr virus-

specific viral peptide sequences have been associated with the development of 

lupus-specific autoantibodies [26]. It has been noted that the frequency of cold sores 

three years prior to a JSLE diagnosis was considerably higher when compared to 

healthy controls. This could be due to a reporting bias from the patients, but could 

also be attributed to an immune deficiency or the eventual breakdown of immune 

tolerance before clinical presentation of SLE that results in more frequent viral re-

emergence [26]. 

1.2.3. Hormones 

Hormones can be similarly implicated in the aetiology of SLE, illustrated by the 

sexual dimorphism observed in autoimmune conditions. In adult patients with SLE 

the female to male ratio is 9:1 but in children this ratio is 4:1 [27]. Studies have 

found that estrogen exerts a direct and immediate effect on T-cells, and putative 

receptors for 17β-estradiol (E2) have been found on both CD4 and CD8 cells [28], 

along with intracellular receptors [29]. The intracellular estrogen receptors, ERα and 

ERβ, have been well established as nuclear receptors which act directly as 

transcription factors. Recently these receptors have been found palmitoylated at the 

membrane and play a role in cell signalling [30]. In a recent study the expression of 

ERα and ERβ were explored in SLE patients and healthy controls. They observed 

no significant difference between healthy and SLE for either receptor however within 

the SLE population a decreased ERβ correlated with increased disease activity [31]. 

Exposure of T-cells to estrogen has been reported to result in an influx of 

extracellular Ca2+ and release from  intracellular stores [28], along with an increase 

in the expression of interferon (IFN)-γ, via the enhanced ability of T-cells to respond 

to interleukin(IL)-12 [32]. Further testing and in vitro stimulation of lymphocytes with 

estrogen has been shown to augment cytokine production by T-cells, with elevated 

IL-6, IL-10 [33], and IL-21 in a dose and time dependent manner [34]. With these 

cytokines being both pro- or anti-inflammatory, the dose of estrogen could determine 

the type of immunological response, suggesting that changes in estrogen levels at 

puberty or in prescription contraception could affect JSLE development; it is 

important to note however that clinical studies have reported that in general, SLE 

patients are good candidates for hormonal contraception [35].  Given that the 

median age of onset of JSLE is mid-puberty, hormones are likely to play a role in the 

pathogenesis of lupus in some way. Investigating the expression and function of 
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estrogen receptors within immune cells and how this may change during puberty in 

humans has not been explored fully and may provide some insights into the 

pathogenesis of JSLE. 

 

 

 

 

Figure 1.2-1: Model of JSLE pathogenesis and disease progression 
The pathogenesis of JSLE is complex and multifactorial. There is evidence that 
genetics may play a key role however this alone is not strong enough to confer 
disease. Additional factors that are still being established also play a role in the 
pathogenesis of JSLE and ultimately contribute to loss of immune tolerance and 
subsequent autoimmunity. This genetic predisposition may account for patients that 
develop the disease at a young age. In addition the autoimmune response can 
results in damage to different and multiple organ sets making each diagnosis of 
JSLE unique. Figure adapted from Hedrich. et al 2018 [17].  
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1.2.1. Immune mechanisms: Type I IFN signature 

Microarray analysis of PBMCs collected from JSLE patients show that >95% of 

patients have an IFN-gene signature supporting high levels of IFN-α levels in 

peripheral blood [36]. PDC’s have long been associated with the interferon signature 

of SLE, where they contribute through their increased IFNα production [37, 38]. This 

perpetuates the disease through inflammatory cytokine production and further 

immune complex (antigen-antibody complex) formation. The immunological 

mechanisms associated with disease are summarised in Figure 1.2-2. 

1.2.2. Immune mechanisms: Defective apoptosis 

JSLE is predominantly characterised by the presence of autoantibodies primarily 

targeting integral components of essential cellular processes. The mechanisms 

driving autoantibody production remain unclear, although evidence points to immune 

defects, including abnormal cell death signalling and defects in clearance of 

apoptotic debris (Figure 1.2-2), as well as the environmental and genetic factors 

mentioned above. Apoptosis is critical for the normal development and homeostasis 

of the immune system, however, elevated levels of apoptosis have been reported in 

SLE patients and have been implicated in driving the autoimmune response to 

intracellular antigens such as ds-DNA and histones [39]. Evidence shows that 

cleavage of autoantigens is important, since some are post-transitionally modified 

during apoptosis which may enhance their ability to disrupt normal mechanisms of 

peripheral immune tolerance [40]. In addition other cellular components such as uric 

acid and adenosine triphosphate (ATP) are released, which elicit inflammatory 

responses and contribute to increased immune sensitivity to nuclear antigens in SLE 

[41]. Microarray profiling studies of T-cells from SLE patients indicate that they resist 

anergy and apoptosis by up-regulating cyclooxygenase-2 (COX-2) expression levels 

leading to elevated levels of c-FLIP (cellular homology of viral FLICE inhibitory 

protein) and attenuation of apoptotic pathways [36]. Research specifically studying 

JSLE patients has revealed increased expression of Fas, an apoptosis-promoting 

cell surface receptor, on CD3+, CD4+, and CD8+ T-lymphocytes, and also CD19+ B-

lymphocytes. Further analysis revealed a positive correlation between increased 

Fas expression on CD19+ B-lymphocytes and an active disease state in JSLE 

patients [42]. Incubation with pro-apoptotic protease granzyme B isolated from 

CD8+ cytotoxic T-lymphocytes from SLE patients generated unique protein 

fragments not seen during caspase-mediated or other forms of cell death [40]. This 

suggests that both accelerated apoptosis in peripheral blood lymphocytes and the 

presence of unique apoptotic-protein fragments could be responsible for the 
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substantial volume of circulating nuclear antigens in patients thus exacerbating the 

characteristic SLE autoimmune response. 

Neutrophils have been implicated in SLE pathogenesis. Neutrophils release NETS 

(neutrophil extracellular traps) during a cell death process distinct from apoptosis 

[43]  that comprises azurophil granules and nuclear material such as DNA and 

histones (netting) in response to type-I IFN. A study investigating neutrophil 

involvement in JSLE patients found that incubation of healthy neutrophils with JSLE 

sera significantly altered 638 gene transcripts; in particular a consistent increase in 

toll-like receptor (TLR)7 mRNA levels was observed [44]. The study highlighted a 

novel link between type-1 IFN production and ANA, stating that neutrophils cultured 

with JSLE derived anti-ribonucleoprotein (RNP) IgG resulted in increased netting. 

This was accompanied by the release of DNA into the extracellular space and the 

secretion of LL37, an antimicrobial peptide that converts self-DNA and self-RNA into 

TLR9 and TLR7/8 activators respectively in human dendritic cells. The ANA 

antibody specifically triggered JSLE neutrophils to secrete HMGB1; a mediator of 

inflammation. This consequently instigated type-1 IFN secretion amongst other 

inflammatory cytokines, activating dendritic cells and resulting in high levels of IFN-α 

[44]. The involvement of neutrophils in apoptosis was documented by 

Chiewchengchol et al [45] and Midgley et al [46] who investigated serum cytokine 

levels in JSLE patients and their effect on neutrophil apoptosis. Neutrophils 

incubated in JSLE sera showed significantly increased apoptosis and high levels of 

activated caspase-3, caspase-7 and caspase-8, compared to neutrophils in control 

sera [45]. Concentrations of granulocyte-macrophage colony-stimulating factor and 

IL-6 were significantly reduced in JSLE patients, whereas levels of FasL (Fas-

ligand) and TRAIL (TNF-related apoptosis-inducing ligand), involved in apoptosis 

induction, were elevated [46]. Other proteins known to inhibit neutrophil apoptosis 

were also decreased, such as cellular inhibitor of apoptosis 1 (clAP1), clAP2, and X-

linked inhibitor of apoptosis (XIAP), which were further reduced when JSLE 

neutrophils where incubated with JSLE sera [46]. Again this increased apoptosis 

may explain the raised circulating nuclear antigens common in the diagnosis of both 

SLE and JSLE. 

1.2.3. Immune mechanisms: Autoantibodies 

Compared to adult-onset SLE, JSLE is more clinically severe with a higher 

frequency of irreversible organ/tissue damage, renal involvement and significantly 

higher standardised mortality ratios [6, 7]. The disparity in disease outcomes could 



29 
 

be due to the diversity of accumulated, potentially pathogenic autoantibodies. 

However studies concerning the serological profiles of JSLE patients are highly 

contradictory; Tucker et al [10] reported that anti-RNP and anti-Sm antibodies are 

more frequent in JSLE patients along with anti-dsDNA, compared to the adult 

counterparts. Hoffman et al [11] argued that anti-ribosomal P, anti-dsDNA, and anti-

histone antibodies have a higher prevalence in JSLE patients, with no significant 

difference between anti-Sm, RNP, SSA/Ro, SSB/La antibodies. However this 

multicentre study did not control for the differences seen in gender, race, and 

disease duration, whereas the study by Webb et al [23] did account for these 

variables and stated that anti-dsDNA and anti-RNP antibodies were more prevalent 

in the juvenile cohort. As further research is being performed additional 

autoantibodies are being recognised, such as anti-phospholipid and anti-oxidised-

low density lipoprotein (oxLDL) antibodies, which have been suggested to play a 

role in JSLE lipid metabolism [16]. Alternatively, some studies claim that no 

difference in immunological characteristics exists between patients with adult 

compared to juvenile SLE and attribute published differences to variation in 

experimental technique [47]. Nevertheless, it seems likely that the disparity in 

immunological markers observed have a pathophysiological relevance since they 

are associated with disease severity. 

Reichlin et al [48] stated that both anti-dsDNA and anti-ribosomal P antibodies were 

associated with a higher prevalence of renal involvement in JSLE patients. The link 

between autoantibodies and clinical outcomes was also studied by Hoffman et al 

[11], who found that anti-dsDNA antibodies were significantly associated with 

glomerulonephritis, however anti-ribosomal P antibodies where inversely linked with 

glomerulonephritis and proteinuria. Studies on stored serum samples of 130 adult 

SLE patients from the U.S. Department of Defence Serum Repository show that 

clinical onset of SLE is preceded by the accumulation of autoantibodies years before 

diagnosis. The study found that anti-SSA/Ro, anti-SSB/La, and anti-phospholipid 

antibodies can appear years prior to diagnosis, however these can be commonly 

found in healthy individuals too. However, the emergence of anti-dsDNA, anti-Sm 

and anti-RNP antibodies was recorded only months prior to the development of 

clinical disease manifestation [49]. Similar longitudinal studies concerning 

serological patterns are yet to be carried out using juvenile patients, but they hold 

the potential to demonstrate the exact process of autoimmunity development in 

JSLE. 
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1.2.4. Immune mechanisms: T-cell involvement 

T-cells also significantly influence disease progression, primarily via an imbalance in 

T-cell homeostasis resulting in abnormal cytokine production and increased help for 

B-cell activation (Figure 1.2-2). One study investigating the pro-inflammatory 

potential of T-cells from JSLE patients revealed high levels of plasma IL-17A, but 

normal levels of serum T-helper (Th)1 (IFN-ɣ and IL-12) and Th2 (IL-4 and IL-13)-

associated cytokines, suggesting that Th17 cells could be the dominant active T-

helper subset in JSLE patients. In vitro activation of JSLE PBMCs resulted in 

increased levels of IL-17A, Th17 associated cytokines (IL-17F, IL-21, and IL-22), 

and IL-6, which is involved in Th17 differentiation [50]. 

Current evidence based on analysis of T-cells from patients with adult-onset SLE 

suggest that underlying defects in T-cell receptor (TCR)-mediated signalling 

contribute to T and B-cell hyper-responsiveness, skewed cytokine production, 

reduced levels of activation-induced apoptosis and the survival of auto-reactive 

lymphocytes, ultimately leading to the breakdown of immunological tolerance [51]. 

Some of these defects have been associated with abnormal T-cell metabolism and 

mitochondrial dysfunction [52]. mTOR (mechanistic target of rapamycin), a 

serine/threonine protein kinase, is a vital regulator of cellular metabolism, growth, 

proliferation, and survival, and incorporates environmental and metabolic signals to 

modulate the immune response directly. This is accomplished through the control of 

mitochondrial function by balancing mitochondrial growth with autophagy (turnover 

of mitochondria or mitophagy) [52, 53]. Genome wide association studies have 

revealed increased transcription within the locus of autophagy related proteins of 

this pathway, linking them to increased SLE susceptibility [54]. In addition, despite 

high numbers of autophagosomes in lymphocytes from SLE patients, mitochondrial 

mass remains elevated and it is suggested that continual activation of mTOR alters 

the process of autophagy in SLE. This results in the maintenance of autoreactive T 

and B lymphocytes [55] via the downstream mTOR regulatory responsibilities 

discussed above. 

Increased mTOR activity has been linked with the depletion of CD4+CD25+Foxp3+ T-

regulatory cells, accumulation of uncommitted double negative CD4-CD8- T-cells 

and mitochondrial hyperpolarisation in T-cells from SLE patients [52]. Furthermore, 

pro-inflammatory cytokines such as TNF-α can physically interact with a protein 

within the mTOR complex (C) 1 resulting in its activation. Increased mTORC1 

activity increases glycolytic activity and lipid biosynthesis and reduces oxidative 
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phosphorylation and lipid oxidation, resulting in the suppression of regulatory T-cell 

metabolism. Interestingly these defects can be reversed by treatment with 

rapamycin which inhibits mTOR activation [56]. The specificity of this increased 

mTOR activity to T-regulatory cells in contrast to pro-inflammatory T-cells needs to 

be understood as a change in the ratio of pro- to anti-inflammatory cell activity could 

help drive SLE pathogenesis. 

SLE patient CD4 T-cells exhibit enhanced glycolysis and mitochondrial oxidative 

metabolism, supporting the probable involvement of metabolism in disease 

pathogenesis. When these pathways are inhibited in CD4 T-cells, a reduced 

activation status is observed including a reduction in the excessive IFN-ɣ production 

by these cells, thus normalizing CD4 T-cell function [57]. These studies highlight 

further therapeutic targets for the treatment of lupus regarding the control of cellular 

metabolism. 

However, while these defects have been described comprehensively in adult 

patients with SLE, it is not known how they relate to patients with JSLE. It is well 

established that steroid hormones, including estrogen, play an important regulatory 

role in a wide variety of biological processes including cell proliferation, apoptosis, 

inflammation and metabolism [58]; thus, it is possible that defects in T-cell signalling 

could be triggered during puberty in susceptible individuals and contribute to the 

onset of JSLE.  Indeed, estrogen is known to rapidly influence plasma-membrane-

associated T-cell signalling including protein kinase cascades, apoptosis and 

intracellular calcium influx [58]. Crucially, it has been found in a study using lung 

cells that estrogen upregulates the transcription of many components of the pentose 

phosphate pathway (PPP) via mTORC1. In addition, this study observed an 

increase of GLUT1 and 4 (glucose transporter type 1 and 4) at the cell membrane in 

response to estrogen; receptors that are responsible for cellular glucose uptake for 

glycolysis and the PPP to fuel the cell [59]. This study also observed increased 

NADPH as a result of increased PPP activity and decreased reactive oxygen 

species, resulting in an increased cell survival under oxidative stress. The increased 

mTORC1 activity in SLE patients may therefore be associated with estrogen, this 

driving an alteration in cellular metabolism during puberty in the pathogenesis JSLE. 

As described, several studies have described changes in T-cell activation in 

response to estrogen and evidence is growing that estrogen could influence T-cell 

function specifically in SLE patients [32, 60]. To date, no studies have investigated 

immune cell function during puberty or at disease onset of JSLE patients. 
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Figure 1.2-2: The immunopathogenesis of (J)SLE 
Cell signalling defects influence many aspects of (J)SLE immunopathogenesis. SLE 
is characterised by both a failure in B-cell and T-cell self-tolerance, and defects in 
apoptotic cell clearance, which both occur as a result of unknown external triggers. 
Nuclear antigens, which are exposed as a result of defective cell death, are 
recognised by B-cell autoantibodies to form antigen-antibody complexes. 
Subsequent interactions between T-cells and B-cells results in class switching to 
IgG, whilst recognition of nuclear antigens through TLRs present on B-cells and DCs 
induces type I IFN production. Such cellular interactions perpetuate disease through 
inflammatory cytokine production and further immune complex formation. 
Abbreviations B= B-cell, T= T-cell, PDC= Plasmacytoid Dendritic cell, TLR= Toll-like 
receptor IFN= Interferon, IG=Immunoglobulin.  
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1.3. Cardiovascular risk in JSLE 

1.3.1. Lipoproteins overview 

A lipoprotein is a biochemical assembly of lipids and proteins primarily produced by 

the liver that play a crucial role in protecting and transporting hydrophobic lipids 

around the blood [61]. The outside of the lipoprotein consists of cholesterol and 

phospholipids that are orientated with the hydrophilic head group facing outwards. 

Free cholesterol, cholesterol esters and triglycerides are examples of lipids 

transported in lipoproteins and lipoprotein-associated lipids can be deposited into 

peripheral cells including the arterial wall and immune cells (Figure 1.3-1 A). 

Lipoproteins are categorised into groups based on their density (size) and these 

have different roles facilitated by differential expression of apolipoproteins (Apo). 

Different tissues express varying amounts of receptors specific to these proteins to 

allow uptake or efflux of lipids. Very low, intermediate and low density lipoproteins 

(VLDL, IDL and LDL) are involved in forward lipid transport following production by 

the liver which can contribute to lipid build up in arterial walls and cause 

atherosclerosis. VLDL is converted into smaller IDL and LDL through the removal of 

triglycerides (TGs) by lipoprotein lipases [62]. These lipoproteins express ApoB on 

their surface which is recognised by receptors on cells in the periphery. Lipids are 

imported into the cell through these receptors, key examples being the low-density 

lipoprotein receptors (LDLRs) and scavenger receptors such as CD36, for LDL and 

oxidised (ox)LDL molecules respectively. For reverse lipid transport, ATP-binding 

cassette transporters (ABCA1/G1) efflux cholesterol and other lipids from the cell to 

apolipoprotein-A1 (ApoA1) expressing high-density lipoproteins (HDL) or lipid poor 

ApoA1 molecules [63]. ApoA1 can be recognised by the liver by scavenger receptor 

BI (SR-BI) receptors for lipid uptake and removal [64]. This transport is summarised 

in Figure 1.3-1 B.  
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Figure 1.3-1: Lipoproteins 
(A) Structure and composition of a lipoprotein. Lipoproteins transport lipids around 
the blood. A lipoprotein is a biochemical assembly of lipids encased with a 
phospholipid and cholesterol composed membrane. The hydrophilic portions of the 
phospholipids are oriented outwards to protect the hydrophobic internal lipid 
molecules; thus the complex serves to emulsify the fats. The lipids transported 
within lipoproteins include triglycerides, free cholesterol and esterified cholesterol. 
Different lipoproteins are identified due to their assembly with apolipoproteins. The 
specific type of apolipoprotein determines the tissue specific receptor that they will 
be identified by. (B) Conventional model of lipoprotein transport. ‘Forward transport’ 
(pro-atherogenic) circulating lipoproteins (very low, intermediate and low density 
lipoproteins; VLDL, IDL and LDL respectively) are produced by the liver and 
contribute lipids to the periphery and arterial walls. ‘Reverse transport’ (anti-
atherogenic) circulating lipoproteins (high density lipoproteins; HDL) return lipids 
back to the liver from the periphery. VLDL, IDL and LDL express Apolipoprotein-
(Apo)B and HDL express ApoA1.  
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1.3.2. Atherosclerosis and cardiovascular disease overview 

Atherosclerosis is a chronic inflammatory disease of the large arteries, characterised 

by defects in lipid homeostasis and is the main cause for cardiac dysfunction in 

western countries [65]. Atherosclerosis is a progressive disease that begins with the 

build-up of lipids from oxLDL particles such as cholesterol and TGs in the intima 

region of the arterial wall. These lipid deposits form an atherosclerotic plaque that 

protrudes into the artery lumen. If progression continues, the plaque can cause 

arterial thrombosis, where the plaque ruptures, a blood clot forms and a 

cardiovascular event can occur such as a heart attack or stroke [66]. The 

abundance of oxidised lipid antigen within the atherosclerotic plaque contributes to 

disease progression through macrophage differentiation, lipid antigen presentation 

and activation of T-cell responses [67, 68]. A more detailed description of 

atherosclerosis is explained in Figure 1.3-2.  

Patients with JSLE have a similar incidence of myocardial infarction to adult SLE 

patients but cardiovascular events occur at an earlier mean age [16] and have been 

associated with aCL antibodies in some JSLE patients. This indicates that the 

atherosclerotic process begins in childhood and is accelerated in JSLE patients 

perhaps due to the prolonged exposure to inflammation [69, 70]. 

1.3.3. Traditional and non-traditional risk factors 

Research by Urowitz et al [71] in the mid 1970’s first identified cardiovascular 

disease (CVD) as a serious long term complication of SLE. Interplay between 

traditional CVD risk factors and risk factors associated with continuing SLE disease 

create a ‘perfect storm’ for development of early atherogenesis. This information has 

since been confirmed and despite improvements in the treatment of SLE, CVD 

remains a leading cause of mortality for patients [72-75]. CVD risk in the general 

population has been associated with several traditional risk factors confirmed by the 

Framingham Heart Study [76]. These traditional risk factors are summarised in 

Table 1.3-1. 

Although it has been shown that SLE patients consistently carry more Framingham 

risk factors [77, 78], the increased prevalence of atherosclerosis in SLE cannot be 

explained by this alone [76, 79, 80]. Several studies have shown biomarkers 

associated with both SLE and atherosclerosis that may explain the additional 

cardiovascular risk for patients; these are mostly associated with increased 

inflammation. These non-traditional risk factors are summarised in Table 1.3-1.  
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Figure 1.3-2: Atherosclerosis 
Blood flows through arteries encased by an endothelium (endothelial cells), intima (proteoglycans and collagen), media (smooth muscle cells) 
and adventitia (connective tissue). (A) The development of atherosclerosis begins with an accumulation of LDL (dyslipidaemia). This LDL 
becomes oxidised as a result of interaction with reactive oxygen species (ROS) and enters the intima region of the blood vessel. (B) This 
induces adhesion molecule expression which recruits inflammatory cells to the region including T-cells and monocytes which differentiate to 
macrophages. (C) More oxLDL enters the intima. Scavenger receptors expressed on the surface of macrophages allows them to engulf the lipid 
rich oxLDL. This eventually causes saturation of the lipid content in the macrophages and they become foam cells. Due to inflammation, the 
presence of lipid antigen and the interaction of CD40 and CD40 ligand (CD40L) T-cells release pro-inflammatory cytokines. In a positive 
feedback loop this induces macrophage differentiation and promotes further inflammatory responses. Cytokines such as IFNγ can also mediate 
macrophage scavenger receptor expression. Foam cells release ROS and proteases such as matrix metalloproteases (MMPs) which induce 
further recruitment of immune cells to the area. (D) As more lipid rich oxLDL is consumed by foam cells they become unable to process the lipid 
antigen and begin to express peptide antigen. This promotes further inflammation causing smooth muscle tissue damage, cell death and 
necrotic core formation from the growing mass of extracellular lipids and cell debris. (E) If this continues the lumen of the vessel narrows to a 
dangerous level and eventually a thrombosis can form where the vessel wall ruptures as a result of increased damage and a cardiovascular 
event can occur. Platelets surround the rupture in an attempt to prevent further damage however this can exacerbate the lumen narrowing. 
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Traditional risk factors 
Non-traditional risk factors 
associated with SLE 

Family history of cardiovascular disease Corticosteroid use 

Hypertension Endothelial cell apoptosis 

Hypercholesterolemia (Low HDL, high 
LDL cholesterol) 

Anti-heat shock protein antibodies 

Hypertriglyceridemia (High TG) Increased oxidised LDL (oxLDL) 

High Body Mass Index (BMI) Pro-inflammatory HDL 

Insulin resistance Autoantibodies against ApoA1 (HDL) 

Type II diabetes High levels of immune complexes 

Smoking 
High levels of asymmetric 
dimethylarginine 

Physical inactivity 
Increased levels of pro-inflammatory 
cytokines 

High CRP Dendritic cell CD86 overexpression 

Obesity T-cell CD40L upregulation 

Age/race/sex 
 
Activity of the disease 

Early menopause 
 
Renal impairment 

 
Metabolic syndrome 

 
Antiphospholipid syndrome 

 
Table 1.3-1: Cardiovascular risk factors in SLE 
Table adapted from Westerweel et al [81] and Mezalek et al [82]. Abbreviations: 
HDL (high density lipoproteins), LDL (low density lipoproteins), ApoA1 
(Apolipoprotein-A1), CRP (C-reactive protein) 
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1.3.4. Atherosclerosis and lipoproteins in SLE 

The role of dyslipidaemia as one of the conventional risk factors for cardiovascular 

disease (CVD) is well known, but lipids also have potent effects on the immune 

system. Patients with SLE, both adult- and juvenile-onset, have multiple lipid defects 

including dyslipidaemia comprising elevated levels of TGs and LDL, and depressed 

levels of HDL and Apo-A1 [16, 83, 84]. There is a notably increased frequency of 

dyslipidaemia in recently diagnosed JSLE patients prior to any corticosteroid 

treatment; a study illustrated that 63% of its cohort had at least one lipid abnormality 

[84]. The dyslipidaemia observed in JSLE patients has a complex aetiology believed 

to be dependent on several factors; cytokine levels, specific autoantibodies, dietary 

intake, genetic factors, hormones and physical activity can all influence the lipid 

profile. 

Transport of cholesterol can be facilitated through LDL, for example macrophages 

are able to ingest certain types of LDL, including oxidised LDL and LDL cleaved by 

enzymes by binding to the CD36 receptor. The elevated levels of extracellular 

cholesterol seen in SLE patients can lead to lipoprotein saturation, thus reducing the 

uptake of LDL in tissues, increasing the risk of macrophage uptake of LDL to 

become lipid saturated foam cells [85]. OxLDL has also been shown to indirectly 

increase T-cell activation through monocyte uptake [86]. Conversely, Apo-A1/HDL 

facilitates cholesterol transport from tissues to the liver; cholesterol uptake via Apo-

A1/HDL from LDL-loaded macrophages helps to avoid foam cell formation 

associated with inflammation and atherogenesis [65]. However, in the case of SLE 

patients with aCL antibodies, Apo-A1 levels are significantly depleted [87]. Several 

studies suggest that the catabolic rate of HDL and its ability to serve as a cholesterol 

acceptor is vital for its potential cardiovascular protective effect. Depleted HDL 

levels are a significant risk factor in the development of CVD. In SLE patients, low 

HDL levels are linked with increased disease activity (SLEDAI scores) and elevated 

levels of anti-ds-DNA antibodies [88]. Furthermore, HDL in adult SLE patients has 

been shown to be enriched in cholesterol, TGs, free-fatty acids and serum amyloid 

A, and does not participate in the reverse cholesterol transport process [89], thus 

further exacerbating the atherogenic profile. In addition, McMahon et al identified a 

dysfunctional proinflammatory HDL (piHDL) in 48.2% of 276 women with SLE [83]. 

The antioxidant capacity of normal HDL is lost here and this contributes to 

atherosclerosis. In addition, of the patients that had pre-clinical atherosclerotic 

plaque, 86.7% had piHDL highlighting an important role of this form of HDL in SLE. 
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1.3.5. Current treatments in SLE cardiovascular disease 

Intervention to prevent early atherosclerosis could be vital for JSLE patients to 

prevent cardiovascular disease later in life. The three main vascular markers 

validated for early atherosclerosis that can be used to monitor JSLE patients are; 

flow mediated dilation (FMD), carotid intima-media thickness (CIMT), and pulse 

wave velocity (PWV). PWV and CIMT are non-invasive, reliable and reproducible 

way of measuring early changes in arterial wall stiffness/distensibility and arterial 

thickness, respectively. Significantly elevated PWV has been seen in patients early 

on in disease with low disease activity indicating that atherogenesis starts early in 

JSLE patients regardless of disease activity [16]. Increased serum type-1 IFN has 

also been shown to be a precursor of abnormal FMD and elevated CIMT in SLE 

[16]. Similar studies have not been conducted in JSLE patients however a study 

showed that >95% of JSLE patients had an IFN-gene signature in PBMC’s. This is a 

possible explanation for the disparity seen between adults and juveniles, since only 

50% of adults with SLE had the same IFN-gene signature [36]. Significantly elevated 

CIMT levels have been reported in studies about early atherogenesis in JSLE 

patients (Table 1.3-2), where patients had a CIMT value of 0.57 ± 0.05 mm 

compared to 0.54 ± 0.03 mm in control patients [90]. A study conducted on JSLE 

patients of Chinese ethnicity revealed a further increase in CIMT levels, suggesting 

ethnic variations in early atherogenesis of JSLE patients [91]. 

Dyslipidaemia in the general population is primarily treated using diet intervention. 

When the lipid profile is too difficult to manage it is common for statins to be 

prescribed. Statins are inhibitors of cholesterol synthesis; these inhibit 3-hydroxy-3-

methyl-glutaryl-coenzyme A (HMG-CoA) reductase, the rate limiting enzyme in the 

cholesterol synthesis pathway, which helps to lower cellular cholesterol levels and 

circulating LDL-cholesterol. Despite evidence that dyslipidaemia and SLE are 

significant co-morbidities [92] statins are not commonly prescribed to SLE patients. 

This is due to their lipid levels commonly falling within the normal ranges [93]; a 

problem most likely emphasised in JSLE where their young age lowers their 

atherosclerotic risk compared to adults. Therapies in (J)SLE are more targeted 

towards reducing disease flares and suppressing inflammation. Clinical studies 

however are beginning to show additional beneficial effects of lupus specific 

therapies on lipid profile [94, 95]. There is also evidence that statins have beneficial 

effects not only in reducing cholesterol synthesis but also reducing pro-inflammatory 

cytokine production and upregulation of nitric oxide (NO) synthesis [96]. This makes 

them a suitable therapeutic for the treatment of SLE to reduce both inflammation 
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and cardiovascular risk. Evidence for this exists in studies of atherosclerotic plaques 

where statins have been shown to reduce inflammation and plaque progression 

through inhibition of monocyte-endothelial cell interactions and decreased 

expression of MMPs [97, 98]. 

High dose statins (80mg/day) are currently being trialled as a new therapy for 

patients with multiple sclerosis [99]. However, evidence that statins are beneficial in 

SLE patients in terms of reducing cardiovascular risk and/or inflammation is mixed. 

Various studies have trialled the use of statins in lupus. Several small clinical studies 

suggest that statins could be beneficial [100-103]. However, the Lupus 

Atherosclerosis Prevention Study (LAPS) in adults with SLE showed that over a 2 

year period atorvastatin did not improve subclinical measures of atherosclerosis, 

neither did it influence disease activity or measures of inflammation [104]. In 2003 a 

large study was set up in JSLE patients called the Atherosclerosis Prevention in 

Paediatric Lupus Erythematosus (APPLE) trial [105]. This was a prospective 

multicentre cohort of 221 children and adolescents with JSLE of mean age 15.7 

years (83% female). These patients had baseline clinical cardiovascular risk factor 

measurements (CIMT), lipid profile and disease activity/outcome measures. These 

patients were then treated with a regular atorvastatin dose (10 or 20 mg/day 

depending on weight) or placebo and were then followed up for 3 years. Initial 

results showed that treatment showed no clinical or cardiovascular risk improvement 

in patients [105], likely due to patient heterogeneity and unsuitable primary outcome 

measures (progression of CIMT measured by ultrasound). Interestingly since then 

several sub-analyses of this data have shown that patients with increased vitamin D 

as well as post pubertal patients with higher hsCRP levels had a greater 

improvement in CIMT over the 3 year period [103, 106]. Dietary intervention aimed 

at altering blood fat levels has also been shown to be beneficial in SLE by reducing 

disease activity scores [107, 108]. However, it is likely that the success of such 

interventions – therapeutic or dietary (or both) - will depend on correct stratification 

of patients [109, 110]. 

The complex nature of the disease and lack of standardisation of imaging methods 

used for the assessment of atherosclerosis in (J)SLE has made data reproducibility 

difficult [111]. There are a raising number of biomarkers being identified for 

atherosclerosis but a combination of several biomarkers and clinical measures could 

provide a better estimation of cardiovascular disease risk in JSLE. Understanding 
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the unique pathogenesis of both JSLE and its link with atherosclerosis will allow 

early intervention to prevent both inflammation and cardiovascular disease.  

 

 

 

Tyrell et 

al [84] 

Soep et 

al [88] 

Schanbe

rg et al 

[69] 

Huang 

et al [91] 

Falaschi et al 

[90] 

Number of 

patients 
54 33 221 76 6 20 

Age (years) 
13.4 ± 

3.1 
16.1 ± 4 

15.7 ± 

2.6 

15.01 ± 

3.48 

17.8 ± 

4 

16.8 ± 

4.6 

Disease duration 

(months) 
- - 

31.2 ± 

28.5 
31.8 ± 30 

70.8 ± 

44.4 

64.8 ± 

51.6 

Mean CIMT (mm) - - 
0.468 ± 

0.0041 

0.63 ± 

0.08 

0.61 ± 

0.004 

0.56 ± 

0.004 

Total cholesterol 

(mg/dl) 

135.3 ± 

34.8 

170.4 ± 

40 

155.1 ± 

38 

181.11 ± 

65.67 

217 ± 

59 

159 ± 

31 

Triglycerides 

(mg/dl) 

141.7 ± 

62 

132.9 ± 

95 

114.0 ± 

66.4 

176.96 ± 

90.78 

121 ± 

61 

91 ± 

44 

LDL (mg/dl) 77.3 ± 27 
103.2 ± 

32 

86.4 ± 

31.4 

98.75 ± 

51.08 

136 ± 

54 

87 ± 

29 

HDL (mg/dl) 
30.9 ± 

15.4 
40.6 ± 13 

46.3 ± 

12.8 

47.69 ± 

19.54 

56 ± 

15 

54 ± 

15 

Table 1.3-2: Carotid intima-media thickness and lipid profiles of JSLE patients 
Values presented as mean ± standard deviation unless otherwise specified. CIMT 
(carotid intima-media thickness), LDL (Low density lipoproteins), HDL (high density 
lipoprotein). 
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1.4. T-cell membrane lipids in SLE 

Lipid rafts are glycosphingolipid (GSL) and cholesterol rich areas of the plasma 

membrane where signalling molecules accumulate at high density. They have been 

associated not only with T-cell hyper-responsiveness but also atherogenesis. In T-

cells from healthy donors ligation of the TCR induces rapid lipid raft clustering that 

leads to the increased concentration of signalling proteins at the area of contact 

between the T-cell and the antigen presenting cell, known as the immunological 

synapse; critical for the amplification of signals downstream and the subsequent T-

cell activation state. The amount of cholesterol and GSL in the cell membrane can 

alter lipid raft stability and affect cell function by modifying the lateral mobility of 

membrane receptors and signalling molecules [112]. Signalling proteins found in T-

cell lipid rafts include lymphocyte-specific protein tyrosine kinase (Lck) and CD45 

which both play a role in TCR signalling. Lck assists signalling from the TCR 

complex through phosphorylation [113]. This is summarised in Figure 1.4-1. Lipid 

rafts in SLE patients have been shown to contain higher levels of CD45 due to 

altered membrane lipid composition; the result is an increased association of CD45 

with Lck which is believed to be a key step in the conversion of Lck to the active 

form [114] Figure 1.4-2. 

Lipid raft polarisation to the immunological synapse is largely dependent upon actin 

cytoskeleton reorganisation in T-cells. Interactions between SLE T-cells and antigen 

presenting cells result in faster kinetics of actin polymerisation and lead to the rapid 

formation of the immunological synapse, thus accelerating TCR signalling [115]. 

Pre-clustering of lipid rafts is evident in freshly isolated SLE T-cells, and may favour 

pre-activation of signalling proteins contained within lipid rafts and mediate faster 

downstream signalling; however the exact cause for pre-clustering remains 

unknown, although changes in the lateral membrane mobility of proteins or 

dysregulation of protein glycosylation within lipid rafts could play a role [113, 115]. It 

has been demonstrated previously that dysregulation of an enzyme in the N-

glycosylation pathway, Mgat5 (β 1,6 N-acetylglucosaminyltransferase V), can 

prompt T-cell activation via the enhancement of TCR clustering, thus lowering the 

activation threshold [116]. A study from the Jury lab looking specifically at GSLs and 

the immune response revealed that CD4+ T-cells from adult SLE patients displayed 

an altered GSL profile compared to healthy controls (Figure 1.4-2). They found 

increased levels of lactosylceramide, globotriaosylceramide (Gb3), and 

monosialotetrahexosylganglioside (GM1), and also found an association of GSLs 

with increased expression of liver X receptor β (LXRβ). LXRβ is involved in cellular 
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lipid metabolism and trafficking, with influences on the immune response, similar to 

that seen in patients with glycolipid storage diseases [117]. Similar studies regarding 

lipid rafts have been carried out in SLE B-cells. Here again an increase in the GSL, 

GM1, was found. This was associated with an altered translocation of CD45 and 

expression of Lyn, a kinase that phosphorylates Immunoreceptor tyrosine-based 

activation motifs (ITAMs) in the B-cell receptor (BCR) chains [118, 119]. Thus, 

targeting lipid metabolism in SLE could have multi-cell benefits in inflammation and 

could be an exciting new therapeutic direction. Again, very little information is 

available to assess whether defects in lipid rafts and/or lipid biosynthesis are 

present in the immune cells of patients with JSLE. 

Changes in serum cholesterol transport via LDL and HDL can also influence lipid 

rafts and immune cell function. Uptake of oxidised and modified forms of LDL by 

CD36 is lipid raft dependent and LDL internalisation prompts the formation of altered 

lipid raft domains in the macrophage plasma membrane [120]. The interaction of 

Apo-A1/HDL with macrophages and subsequent cholesterol efflux is also lipid raft 

dependent, thus implicating the involvement of lipid rafts in the pathogenesis of 

atherosclerosis. Dietary lipids have also been shown to affect lipid raft composition 

and raft associated downstream signalling. Incorporation of dietary PUFAs 

(polyunsaturated fatty acids) into T-cell membranes alters plasma membrane 

phospholipid expression and the localisation of immunogenic receptors such as IL-

2-receptor and Fc-receptors into lipid raft micro-domains [65]. This modifies T-cell 

activation signals and may result in a more inflammatory and atherogenic local 

response. Whether lipid homeostasis and metabolism is altered during puberty and 

lowers the threshold for T-cell activation remains relatively unexplored. 

This raises the possibility that drugs inhibiting lipid biosynthesis could be beneficial 

in patients with SLE through the dampening of TCR (and BCR) signalling. 
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Figure 1.4-1: T-cell lipid raft signalling 
Lipid rafts are ordered areas of the plasma membrane enriched in cholesterol and 
glycosphingolipids. In T-cells these lipid platforms enhance T-cell receptor (TCR) 
activity by allowing signalling molecules such as lymphocyte-specific protein tyrosine 
kinase (Lck) to associate with the TCR and phosphorylate activation motifs for 
downstream signalling. Altering membrane raft lipid composition modifies TCR 
signalling and therefore T-cell functions.  
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Figure 1.4-2: Lipid rafts in SLE 
Schematic displaying the increased lipid raft expression in SLE patients compared 
to healthy controls. Increased cholesterol and glycosphingolipids increase the lipid 
raft membrane content. An increased association of CD45 with lipid rafts, increased 
Lck activation and actin cytoskeletal changes could lower the TCR activation 
threshold enhancing phosphorylation of activation motifs for downstream signalling. 
Phospholipid bilayer is displayed in light blue and signalling proteins in grey and 
yellow. 
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1.5. Sex differences and JSLE: Cardiovascular risk 

Counter to the prevalence of SLE in females, risk of developing cardiovascular 

disease and relative risk of hypercholesterolemia is lower in pre-menopausal healthy 

females compared to males. This is largely due to reduced pro-atherogenic LDL and 

increased anti-atherogenic HDL in females. Following menopause female LDL 

increases to a higher level compared to males, thus reducing their cardiovascular 

disease protection; HDL remains higher in females at all ages [121-123]. 

A study in mice has shown that the reproductive cycle determines the size and 

efficiency of HDL particles effluxed from liver cells. More efficient, atheroprotective 

HDL is produced during high estrogen phases of the menstrual cycle resulting in 

greater cholesterol efflux. This effect is due to an increased DNA binding of ERα 

when estrogen levels are high and this is believed to promote the binding and 

transcriptional activity LXRs [124]. In addition, higher plasma estrogen levels 

correlate with decreased cardiovascular disease risk and this is related to a 

decreased incidence of atherosclerosis. This could explain the increased 

cardiovascular risk amongst postmenopausal women [125]. These mechanisms 

may be dysregulated in (J)SLE, explaining the increased cardiovascular disease 

risk. 

Various traditional cardiovascular risk factors have been shown to confer a 

differential risk of CVD for woman compared to men. The INTERHEART case-

control study of acute myocardial infarction across 52 countries identified a greater 

association of hypertension and diabetes mellitus with acute myocardial infarction in 

women compared to men [126]. This study also found however that smoking and 

alcohol had a greater association with acute myocardial infarction in men compared 

to woman. . In addition, depression has been shown to be more common in woman 

and this can double the risk of developing ischaemic heart disease [127]. Reports of 

contradictory influences on CVD risk in males and females leave the understanding 

of the female predominance of JSLE and the resultant increased risk of CVD 

elusive. 
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1.6. Sex differences and JSLE: Immune function 

Males and females differ in their immune response to foreign and self-antigens and 

consequently they differ in their risk of infection and prevalence of autoimmune 

diseases; males are generally more susceptible to infections than females and 

females represent ~80% of all patients with autoimmunity [128]. It is known that 

fundamental differences exist in the frequency and activity of T-cell subsets by 

gender across multiple ethnicities [129-131]. Notably, some gender differences in 

adaptive immune responses are present throughout life, while others are manifested 

following the onset of puberty and prior to reproductive senescence implicating both  

genetic and hormonal influences [132]. Immunological differences described in this 

section are summarised in Table 1.6-1. 

1.6.1. Antigen presenting cells 

Toll-like receptor 7 (TLR7) activation triggers type I interferon signalling, a 

characteristic feature of JSLE as previously mentioned. Dendritic cells (DC’s) have 

been shown to have an increased Toll-like receptor 7 (TLR7) expression in females 

and TLR7 activation induces IFN-α production in female PBMC’s to a greater extent 

than in male cells [133, 134]. It has also been shown that estrogen upregulates the 

production of TLR7 in Plasmacytoid (P)DC’s in vivo through cell-intrinsic estrogen 

receptor-α signalling [135]. This may give females a more pro-inflammatory 

immunological profile regarding IFN’s. In addition to this females have more natural 

killer cells than males, a cell type that is activated by IFN’s [136]. 

It has also been shown that macrophages from females have a greater phagocytic 

capacity than males [137]. Although this is beneficial for removing threat from the 

body, this may result in increased foam cell formation in the development of 

atherosclerotic plaques where macrophages phagocytose lipoproteins. A recently 

discovered estrogen G-protein-coupled receptor, GPR30, has been found 

exclusively membrane bound associated with lipid rafts. This receptor has been 

shown to play a role in intracellular signalling and therefore has non-genomic effects 

on the cell, independent of ERα and ERβ, which can influence cell proliferation, 

survival, differentiation and metabolism [138]. One study using a murine 

macrophage cell line showed an acceleration of immune resolution in response to 

estrogen that was regulated through GPR30 [139], suggesting there may be a 

relationship between pubertal hormones and lipid  rafts through this receptor that 

may be dysregulated in JSLE. In addition, a recent human monocyte study provided 

evidence that an estrogen driven anti-inflammatory response is signalled purely from 
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the GPR30 membrane estrogen receptor and a truncated form of ERα (ERα36) that 

resides in the membrane as well as the cytoplasm. Through this pathway estrogen 

inhibits the LPS induced pro-inflammatory IL-6 response [140]. As well as proposing 

a possible mechanism involved in JSLE pathogenesis these studies also suggest an 

explanation for the increased susceptibility to inflammation post menopause. 

Finally, B-cells have been shown to increase in numbers more so in females 

following puberty than in males as well as increased immunoglobulin (Ig) production 

in females, a key driver of autoimmune disease [128]. 

1.6.2. T-cells 

Research suggests that there is an imbalance in CD4+ and CD8+ T-cells between 

males and females. CD4+ T-cells have been reported higher in females, with CD8+ 

T-cells higher in males [141] and this has been supported by the observation of an 

increased CD4/CD8+ T-cell ratio in females [136]. This difference is only seen 

following the start of puberty [128]. To further support this, males with Klinefelter 

syndrome, where patients have an extra X chromosome, have increased estrogen 

concentrations. This results in a more female like immunological profile in these 

males, including a similar CD4/8 ratio to females [142]. In addition it has been 

shown that upon PBMC stimulation females produce more Th2-type (IL-4 and IL-10) 

and less Th1-type (IFN-γ and IL-2) cytokines than males [143], suggesting a 

differential T-cell profile exists in females that may influence the female bias of JSLE 

and autoimmunity in general. Low estrogen levels have been shown to increase the 

activity of Th1 cells whereas high levels increase the activity of Th2 cells, suggesting 

a dose dependent immune response to estrogen. This highlights the importance of 

research into the influence of puberty on the immune system where estrogen levels 

are fluctuating constantly and how this may be implicated in the pathogenesis of 

JSLE. 

Regulatory T-cells (Tregs) have been implicated in SLE pathogenesis due to their 

immunosuppressive role during immune responses. In SLE disproportionate Th17-

to-Treg ratios have been reported in several studies resulting in a more pro-

inflammatory phenotype [144-146]. Tregs have been reported lower in females 

following puberty suggesting a plausible reason for the gender bias of autoimmune 

disease [147]. No difference in Treg frequencies were reported in Australian infants 

from birth to one year of age [148]. Controversially it has been found that 

physiological levels of estrogen can induce the expansion of Treg cells [149] and 

Treg numbers are increased during the menstrual cycle when estrogen levels are 
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highest before ovulation [150]. Foxp3 is a critical protein responsible for the 

development and function of Treg cells. The gene for Foxp3 is found on the X-

chromosome [151] providing a link between sex and Treg development. In addition, 

IL-6 degrades Foxp3 and steers immature CD4+ T-cells towards a Th17 cell 

phenotype. IL-6 has been shown to increase to a greater extent in males following 

injury [152]. In male mice there has been shown to be an increased expression of 

IL-17 and peroxisome proliferator-activated receptor gamma (PPARγ), a regulator of 

lipid metabolism, in T-cells. Evidence suggests that this difference is mediated by 

male sex hormones [153]. This indicates a possible association between the 

metabolic state of T-cells and the sex linked Treg/Th17 axis difference suggested by 

certain studies surrounding autoimmunity. It has also been reported that estrogen 

reduces IL-17 expression by Th17 cells [154].  

Although information is conveyed across different models and cell types, it is clear 

that hormonal changes during puberty induce fluctuations in immune cell 

frequencies and functions and this could be key to the development of a more 

aggressive clinical outcome for JSLE patients compared with adults with SLE. 

Understanding the relationship between sex and Tregs as well as metabolism and 

cardiovascular disease risk is important for investigation into the aetiology of 

autoimmune diseases. 
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In utero 
Childhood/ 
pre-puberty 

Adulthood/ 
post puberty 

Old age 

  

Inflammatory 
response males 
> females 

Inflammation  in 
males > 
females 

Increased 
inflammation  in 
females 

Inflammation in 
males > 
females 

Innate 
immunity  

NK cells in 
males > 
females 

Increased NK 
cells in males 

IL-10 in females 
> males 

  
   

Increased NK 
cells in females 

  
IgE levels in 
males > 
females 

IgA and IgM 
levels in males 
≥ females 

CD4/CD8 ratios 
and CD4 T-cells 
in females > 
males 

CD4/CD8 ratios 
and CD4 T-cells 
in females > 
males 

  
 

Tregs numbers 
in males ≥ 
females 

CD8 T-cells in 
males > 
females 

CD8 T-cells in 
males > 
females 

Adaptive 
immunity   

T-cell 
activation/ 
proliferation in 
females > 
males 

T-cell 
activation/ 
proliferation in 
females > 
males 

  
  

Tregs numbers 
in males > 
females 

Tregs numbers 
in males > 
females 

  
  

B-cell numbers 
in females > 
males 

B-cell numbers 
in females > 
males 

  
  

Ig in females > 
males 

Ig in females > 
males 

Table 1.6-1: Sex differences in the immune system over different age groups 
Differences in the innate and adaptive immune system are found at different life 
stages driven by biological features associated with males and females. These 
differences start in utero and change through childhood, adulthood and old age 
where hormonal influences at each stage may drive these immunological disparities. 
Abbreviations: IL-10 (interleukin-10), NK (Natural killer), Treg (Regulatory T-cell). 
Table adapted from Klein. et al 2016 [128].  
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Hypothesis and aims 

Hypothesis: In JSLE a relationship exists between sex, cardiovascular risk and 

factors associated with continuing disease, including the altered composition of lipid 

rafts on immune cells and lipoprotein lipid transport. Altered lipid metabolism leads 

to changes in immune cell function resulting in JSLE pathogenesis and increased 

cardiovascular risk. 

Outline of the project: Using a rare cohort of young adult and child male and 

female healthy controls, JSLE patients and individuals undergoing gender dysphoria 

my aims were to: 

Sex differences: 

 Explore the immunophenotype young healthy males and females 

 Analyse the metabolome of matching serum to indicate metabolites driving the 

immunophenotype 

 Investigate the role of hormones in driving metabolic differences in males and 

females 

 Explore how this relates to JSLE, an autoimmune disease with a female to male 

ratio of 4.5:1 

 

The role of lipid metabolism in immune, clinical phenotype and CVD risk in JSLE: 

 Explore the lipid raft profile of JSLE patient immune cell subsets 

 Investigate metabolites associated with the lipid raft and clinical phenotype 

 Describe a mechanism of JSLE and CVD pathogenesis  

 Use metabolic stratification to identify a role for tailored therapeutic intervention 

 

Patient engagement: 

 Identify a time and cost effective way to engage patients in this research through 

a survey asking patients with lupus to provide feedback on their experiences and 

give ideas on what they feel we should be researching in this area 
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Chapter II: 
Materials 

and 
Methods 
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2. Materials and Methods 

2.1. Patients and control samples 

Patient blood was collected from patients attending a young adult or adolescent 

rheumatology clinic at University College London Hospital (UCLH) or Great Ormond 

Street Hospital (GOSH) respectively. Teenage and young adult healthy control (HC) 

blood was collected at the Rayne building, UCL, from volunteers taking part in 

educational events such as young scientist days. Child HC (CHC) blood was 

collected from children attending UCLH for routine dental or urology surgery, who 

were otherwise healthy. Gender dysphoria blood samples were collected from 

individuals attending the UCLH gender dysphoria endocrine clinic at the same time 

that their routine bloods were taken for their treatment. Informed consent was 

acquired from both patients and healthy controls under the ethical approval 

reference: REC11/LO/0330. Questionnaires provided the tanner puberty stage of 

the healthy control or patient as well as their current use of contraception. All 

information was stored as anonymised data.  

Detailed clinical characteristics and disease features were recorded from patient 

files and questionnaires (Table 2.1-1). Disease activity was calculated via the SLE 

Disease Activity Index (SLEDAI). 24 clinical measurements are accounted for 

here where 8 of these are laboratory tests. Following evaluation a score of 6 or 

more is indicative of active disease [155] (Table 2.1-1). 

Donor anonymous 50ml leukocyte blood cones were obtained from NHS Blood and 

Transplant (NHSBT) (Colindale). 
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Table 2.1-1: Demographic and clinical table of all patients and healthy donors 

 

Healthy Controls 
Number (% / range) 

 
 

JSLE 
Number (% / range) 

 

p-value 

Total number 39 35 - 

Female:Male 22:17 23:12 0.48 

Median age 18 (16-25) 19 (14-25) 0.44 

Ethnicity (%): 
   

White 20 (51%) 13 (37%) 0.25 

Asian 10 (26%) 13 (37%) 0.32 

Black 2 (5%) 7 (20%) 0.08 

Other/unknown 7 (18%) 2 (6%) 0.16 

Disease activity: 
   

Median age of diagnosis - 12 (0-18) - 

Median disease duration 

 (years) 

- 8 (0-21) - 

SLEDAI, Mean (range) - 2 (0-10) 

) 

 

SLEDAI >6 - 7 (20%) - 

SLEDAI <6 - 28 (80%) - 

Neurological involvement - 2 (6%) - 

Serositis involvement - 8 (23%) - 

Cutaneous involvement - 31 (89%) - 

Haematological involvement - 14 (40%) - 

Musculoskeletal involvement - 30 (86%) - 

Renal involvement - 9 (26%) - 

Serology:    

Positive ANA  - 30 (86%) - 

Positive RF - 3 (9%) - 

Positive LA - 4 (11%) - 

Positive ENA - 19 (54%) - 

Anti-CL_IgM (MPL) (NR=0-10) - 2.6 (0.2-11.5) - 

Anti_CL_IgG (GPL) (NR=0-20) - 1.7 (1.7-25.9) - 

ESR (mm/hr) (NR=<20) - 8 (2-127) - 

dsDNA (IU/mL) (NR=<50) - 36 (0-17441) - 

dsDNA positive - 16 (46%)  

dsDNA negative - 19 (54%)  

C3 (g/L) (NR=0.9-1.8) - 1.02 (0.33-1.64) - 

LC (109/L) (NR=1.3-3.5) - 1.5 (0.59-3.8) - 

Treatment: 
   

Rituximab in the last year - 1 (2%) - 

Rituximab ever - 3 (8.6%) - 

Hydroxychloroquine - 31 (89%) - 

Mycophenolate mofetil - 18 (51%) - 

Prednisolone - 17 (49%) - 

Vitamin D - 8 (23%) - 

Methotrexate - 3 (9%) - 

Azathioprine - 7 (20%) - 

For patients the SLEDAI score was calculated, a score greater than 6 represents 

active disease [155]. Other common clinical measures of disease are shown as well 
as treatments. Rituximab treatment was avoided in the cohort. Fisher's exact test or 
unpaired t-test was used. Abbreviations: NR: Normal ranges, SLEDAI: Systemic 
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Lupus Erythematosus Disease Activity Index, ANA: Anti-nuclear antibodies, RF: 
Rheumatoid factor, LA: Lupus Anticoagulant, dsDNA: Anti-double-stranded-DNA 
antibodies, C3: Complement component 3, LC: Lymphocyte count.  
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2.2. Peripheral blood mononuclear cell (PBMC) isolation, 

storage and thawing and serum isolation from blood 

2.2.1. PBMC isolation and storage 

Human peripheral blood was diluted 1:1 with RPMI-1640 medium (Sigma) 

supplemented with Penicillin (100 IU/ml) and Streptomycin (100 μg/ml) (Gibco). 

PBMC’s were isolated by Ficoll gradient centrifugation in SepMate™ tubes 

(Stemcell) pre-layered with Ficol-Paque Plus (GE Healthcare) (Figure 2.2-1).  

Isolated PBMC’s were frozen at a density of 1x107 cells/ml in heat inactivated fetal 

calf serum (FCS) (Labtech) containing 10% DMSO (Sigma) in NalgeneTM Mr Frosty 

freezing containers at -80oC. Liquid nitrogen cryostores were used for long term 

storage of PBMCs. 

 

Figure 2.2-1: Isolation of PBMCs using Ficoll-Plaque Plus density gradient 
centrifugation in SepMate™ Tubes 
Illustration and overview of the layering of blood on densify gradient medium (Ficoll) 
in SepMate™ tubes and the resultant layers following centrifugation. PBMCs 
(Peripheral Blood Mononuclear Cells), RBCs (Red blood cells). 
 

2.2.2. PBMC thawing 

For each experiment PBMCs were thawed using pre-warmed complete RPMI-1640 

medium supplemented with 10% FCS, Penicillin (100 IU/ml) and Streptomycin (100 

μg/ml) using a Pasteur pipette; a subsequent wash was carried out to remove traces 

of DMSO. PBMCs were counted and tested for viability each time using an ADAM 

MC Automated Mammalian Cell Counter (Digital-Bio). 

2.2.3. Serum isolation and storage 

For serum isolation, whole blood was collected in vacutainers spray-coated with 

silica and a polymer gel for serum separation (BD). Serum was isolated by 

centrifugation (1500g, 10 minutes) and the separated serum was then aliquoted and 

stored at -80oC.  
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2.3. Flow cytometry 

Multiparameter flow cytometry was used to immunophenotype JSLE and healthy 

control (Table 2.1-1) PBMC’s stained with 3 antibody panels represented in Table 

2.3-1 or to measure cell marker and/or lipid expression in other experiments. 

2.3.1. Surface Staining 

PBMCs were stained at a density of 1x106 cells per well (96 well round bottom plate) 

with fixable blue dead cell stain (ThermoFisher) or Zombie NIR™ Fixable Viability 

Kit (Biolegend) in PBS. This was followed by washes and surface marker staining in  

Brilliant™ Stain Buffer (BD) with antibodies from panels shown in Table 2.3-1  

(30mins on ice) followed by subsequent washes and fixation in 2% PFA (30mins at 

room temperature) before running on the flow cytometer. Unless stated, stains and 

washes were carried out in Biolegend cell staining buffer. 

2.3.2. Lipid detection 

Following surface staining, to determine the expression of membrane 

glycosphingolipids, cells were subsequently stained with a surrogate lipid raft 

marker, that binds to the glycosphingolipid GM1 (CTB, cholera toxin B), conjugated 

to FITC (1:100 dilution in PBS) (Sigma) (30 mins on ice). Cells were fixed with 2% 

PFA (30mins at room temperature) followed by membrane cholesterol staining with 

filipin complex from Streptomyces filipinensis (50μg/ml in PBS) (Sigma) (2hrs at 

room temperature).  

2.3.3. Intracellular staining 

Prior to any staining, PBMCs were cultured for 4.5 hours in 50ng/ml PMA (Sigma), 

250ng/ml ionomycin (Sigma) and GolgiPlug™ Protein Transport Inhibitor (BD 

Biosciences) followed by staining with Zombie NIR™ Fixable Viability Kit 

(Biolegend) (1/1000 dilution in PBS) (30mins on ice). Surface staining was carried 

out as above. Cells were then fixed and permeabilised in Fix/Perm buffer 

(Biolegend) (overnight at 4oC) followed by intracellular cytokine staining with anti-

human IL-10-APC (BD Biosciences), IL-4-PERCP Cy5.5 (Biolegend) and IFNγ-

eFlour450 (ebioscience) in permeabilisation wash buffer (Biolegend) (45mins on 

ice). Antibodies used in the cytokine panel are displayed in Table 2.3-1. 

Staining of T-bet-APC (Biolegend), GATA-3-AP488 (Biolegend) and Ki67-PE (BD) 

was carried out using the same method but without stimulation.  
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2.3.4. Data acquirement and analysis 

Data was acquired using a BD LSRFORTESSA X-20 flow cytometer (as many 

cellular events recorded as possible per donor) and analysis was carried out using 

FlowJo Single Cell Analysis Software (TreeStar). Application settings were created 

to begin with and Cytometer Setup and Tracking (CS&T) (BD) beads were run on 

the flow cytometer before each session to assess cytometer performance. 

Application settings were applied to panel templates each time prior to 

compensation to ensure that all immunophenotyping data was comparable over 

time. 

Gating strategies were kept consistent throughout and are shown in Figure 2.3-1. 

Absolute cell counts were calculated by multiplying the percentage of the population 

of interest in the total lymphocyte count by the average UCLH reverence guidelines 

for healthy donor lymphocyte count (1.225x10^9 cells/litre).  
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Table 2.3-1: Antibodies used to detect cell markers including fluorochrome, dilution, clone and company 

 

Fluorochrome George: T-

cells 

Dilution: 

Volume/50ul 

Company Clone George: APC Dilution: 

Volume/50ul 

Company Clone George: 

Cytokines 

Dilution: 

Volume/50ul 

Company Clone 

UV 350⁄450 Fixable Blue 

Dead Stain 

1/1000 ThermoFisher 

Scientific 

 

Fixable Blue 

Dead Stain 

1/1000 ThermoFisher 

Scientific 

     BUV395 CD4 1.5 BD SK3 CD19 2 BD SJ25C1 CD4 1.5 BD SK3 

APC GLUT1 

(AF647) 

0.5 abcam EPR3915 GLUT1 

(AF647) 

0.5 abcam EPR3915 IL-10 2 BD JES3-19F1 

AF700 CD27 1.5 Biolegend M-T271 

        APC-H7 PD-1 2 Biolegend EH12.2H7 

    

Zombie NIR 

Dead Stain 

0.5/100 Biolegend 

 BV421 CD8a 2 Biolegend RPA-T8 CD38 2 Biolegend HB-7 IFN-Gamma 2 ebioscience 4S.B3 

BV510 CD69 2 Biolegend FN50 IgD 1.5 Biolegend IA6-2 CD14 1 Biolegend M5E2 

BV605 CD161 2.5 Biolegend HP-3G10 CD24 2.5 Biolegend ML5 

    BV711 CD127 1.5 Biolegend A019D5 CD14 2 Biolegend M5E2 CD127 1.5 Biolegend A019D5 

BV785 CD3 1.5 Biolegend OKT3 HLA-DR 2 Biolegend L243 CD3 1.5 Biolegend OKT3 

FITC (AF488) CTB 1/100 SIGMA 

 

CTB 1/100 SIGMA 

 

CD19 

(AF488) 

1.5 Biolegend HIB19 

PERCP Cy5.5 CCR5 2 Biolegend J418F1 CD303 1.5 Biolegend 201A IL-4 2 Biolegend 8D4-8 

PE TCR Vα24-

Jα18 (iNKT) 

3 Biolegend 6B11 CD1d 2 ebioscience 51.1 TCR Vα24-

Jα18 (iNKT) 

3 Biolegend 6B11 

PE-Dazzle594 CD25 2.5 Biolegend M-A251 CD16 1.5 Biolegend 3G8 CD25 2.5 Biolegend M-A251 

PE-CY7 CD45RA 2 Biolegend HI100 CD27 1.5 Biolegend M-T271 
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Figure 2.3-1: Gating strategies for flow cytometry immunophenotyping 
Representative gating strategies from a healthy donor used to identify T-cells, B-
cells, Monocytes, PDC’s, cytokines and cell subsets. PBMC’s were stained with 
antibodies outlined in Table 2.3-1. Labels represent the cell population within the 
gate. Regulatory T-cells (Tregs), invariant natural killer T-cells (iNKT cells), central 
memory (CM), effector memory (EM), plasmacytoid dendritic cell (PDC), Bm1 
(naïve), Bm2 (mature), Bm2’ (transitional), Bm3-4 (Plasmablasts), early/late Bm5 
(memory), Cholera toxin B (CTB), interleukin-10 (IL-10), Interleukin-4 (IL-4), 
interferon gamma (IFNγ).  
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2.4. Cell isolation (for ex-vivo qPCR, Treg suppression 

assays and western blot protein analysis) 

PBMCs were washed in cell sorting (MACS) buffer (1X PBS (Sigma), 2% FBS 

(Labtech) and 1mM EDTA (Sigma)) and then stained for 30 minutes with anti-human 

CD4-BUV395 (BD Biosciences), CD25-PE-Dazzle594 (Biolegend), CD127-BV711 

(Biolegend) and CD14-APC (Biolegend) in MACS buffer. Samples were sorted in 

MACS buffer in polystyrene round-bottom tubes (BD) using a BD FACSAria flow 

cytometry cell sorter into collection media (1xPBS, 20% FBS). Purity checks were 

completed on sorted cells (Figure 2.4-1). 
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Figure 2.4-1: Gating strategy for FACS Aria sorted Tregs and Tresp cells as 
well as purity checks and FOXP3 purity of Tregs 
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2.5. Primary cell culture 

2.5.1. Treg Suppression Assay 

FACS sorted Tregs, Tresp and monocyte cells were used for suppression assays. 

The purity of Tregs was confirmed by FOXP3 intracellular staining of an aliquot of 

isolated Tregs (Figure 2.4-1). Tresp cells (CD25-, CD127+) were labelled for 20 

minutes at room temperature with Carboxyfluorescein succinimidyl ester (CFSE) 

(thermofisher) in 1xPBS. These were cultured at a density of 8x104 cells/well in 

RPMI 1640 medium (Thermofisher) supplemented with 10% FBS (ThermoFisher), 

Penicillin (100 IU/ml) and Streptomycin (100 μg/ml) (Gibco) with 1ug/mL soluble 

anti-CD3 (OKT3 mAb) (ebioscience) and 1ug/ml soluble anti-CD28 (ebioscience) in 

a 96 well flat bottom plate. These cells were co-cultured with unlabelled Treg cells at 

equal and descending density (reducing the ratio by half each time) as well as 

monocytes at set density of 8x104. Proliferating cells expressing CFSE were fixed in 

PFA and measured by flow cytometry (BD LSRFORTESSA X-20) after 4 days of 

culture Figure 2.5-1. Additional surface staining of CD4 was carried out to ensure 

monocytes were excluded from the analysis.  
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Figure 2.5-1: Gating strategy for Treg suppression assay analysis 
(A) Gating strategy for identification of Tresp (cell trace violet (CTV) positive) cells. 
(B) Representative plot of Tresp CTV expression through rounds of proliferation at 
varying ratios of Treg:Tresp cells. Undivided and dividing cells are labelled.  
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2.5.2. LDL/VLDL isolation from serum and cell culture 

LDL/VLDL was isolated from 2-3ml pooled healthy male or female serum using 

LDL/VLDL Purification Kit (Ultracentrifugation Free) (CELL BIOLABS) as by the 

manufacturers guide. The purified LDL/VLDL was dialysed in 10ml PBS in Amicon 

Ultra centrifugal filter units (MILLIPORE) to purify the lipoproteins. Centrifugation 

was carried out using these filter tubes with pipetting each time to prevent column 

clogging. This was repeated until the volume in the column reduced to around 3ml. 

This volume was topped up with 10ml PBS and the process repeated. The final spin 

was performed until a 1ml volume was left above in the column. A Pierce™ 

Bicinchoninic Acid assay (BCA) Protein Assay Kit (ThermoFisher) was carried out to 

quantify the amount of isolated LDL/VLDL (Apolipoprotein B protein expression). 

The isolated lipoproteins were then filtered through a 0.22um filter to sterilise. These 

were stored at 4 oC for a maximum of 6 weeks.  

PBMCs (from a leukocyte cone) at a density of 1x106 were cultured with 50ug/ul 

isolated VLDL in RPMI-1640 medium or an equal volume of lipoprotein depleted 

FBS (Kalen Biomedical) for 24 hours. Surface markers, lipids and cytokines were 

measured by flow cytometry (BD LSR FORTESSA X-20). 

2.5.3. Phospholipid and neutral lipid detection 

For phospholipid fluorescent staining, the HCS LipidTOX™ Phospholipidosis and 

Steatosis Detection Kit (thermofisher) was used as by the manufacturer’s 

instruction. Here the phospholipid stain was added to the culture with the VLDL 

stimulus and cells were cultured for 24 hours before surface marker staining for flow 

cytometry (BD LSRFORTESSA X-20). 

2.5.4. Estrogen and GW3965 culture 

At a density of 1x106 per well, PBMC’s or FACS sorted CD4+ T-cells were rested for 

12 hours in phenol red free RPMI 1640 medium (Thermofisher) supplemented with 

10% charcoal stripped FBS (ThermoFisher), Penicillin (100IU/ml) and Streptomycin 

(100μg/ml) (Gibco). Cells were then stimulated with 10nM β-Estradiol (dissolved in 

ethanol) (Sigma) and/or 1μM synthetic LXR agonist GW3965 hydrochloride 

(dissolved in ethanol) (Sigma) for 24 hours. PBMCs were then collected for lipid 

staining and flow cytometry; CD4 T-cells were collected for RNAseq analysis.  
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2.6. RNA extraction, reverse transcription polymerase chain 

reaction (RT-PCR) and quantitative PCR (qPCR) 

2.6.1. RNA extraction and RT-PCR 

Ex-vivo FACS sorted cell subsets or in vitro cultured CD4+ T-cells at density of 0.5-

1x106 were lysed and then RNA was extracted and isolated in columns following 

manufacturer’s instructions from the PicoPure RNA Isolation Kit (ThermoFisher). 

During the isolation process the RNA was incubated with RNase-free DNase 

(Qiagen) for 15 minutes, room temperature. The column eluted RNA was quantified 

using NanoDrop spectrophotometer. cDNA was synthesised by RT-PCR using 

qScript cDNA SuperMix (Quantabio) and the peqSTAR Thermocycler (22oC 5min, 

42oC 5min, 85oC 5min, 4oC hold). 

2.6.2. qPCR 

PerfeCTa® SYBR® Green FastMix (VWR) was added to cDNA for fluorescence 

quantification using a Stratagene Mx3000P qPCR System (Agilent Technologies). 

Forward and reverse primers were designed using ncbi PrimerBlast [156] and 

ensemble (Table 2.6-1) and were used at 100nM in each reaction. 

Figure 2.6-1: Thermal profile for qPCR 
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Table 2.6-1: Primers used to measure gene expression by qPCR 

Gene Forward primer 

sequence 

Reverse primer 

sequence 
Cyclophilin A GCATACGGGTCCTGG

CATCTTGTCC 

ATGGTGATCTTCTTG

CTGGTCTTGC 

Estrogen receptor alpha (ERα) ATGATCAAACGCTCT

AAGAAGAAGAACAG 

ACTGAAGGGTCTGGT

AGGATCATACT 

Estrogen receptor beta (ERβ) GGTCCATCGCCAGTT

ATCACA 

GTGTTCTAGCGATCT

TGCTTCACA 

Estrogen receptor alpha 36 

(ERα36) 

CCAAGAATGTTCAAC

CACAACCT 

GCACGGTTCATTAAC

ATCTTTCTG 

G protein-coupled receptor 30 

(GPR30) 

TCACCGGGCCACATT

GTCAACCTC 

GCTGAACCTCACATC

CGACTGCTC 

UDP-Glucose Ceramide 

Glucosyltransferase (UGCG) 

CGTCCTCTTCTTGGT

GCTGT 

AGAGAGACACCTGGG

AGCTT 

ATP-binding cassette 

transporter A1 (ABCA1) 

TGAGCTACCCACCCT

ATGAACA 

CCCCTGAACCCAAGG

AAGTG 

ATP-binding cassette 

transporter G1 (ABCG1) 

TGCAATCTTGTGCCA

TATTTGA 

CCAGCCGACTGTTCT

GATCA 

Increased Degradation of LDL 

Receptor Protein (IDOL) 

ACCGAGCGATAACAG

AGACG 

CCAAGTGGCCCTTCA

AGTCA 

 

2.6.3. Data analysis 

Data was collected by MxPro software (Agilent Technologies) and analysis was 

carried out using Microsoft Excel 2010 where all data was normalised to reference 

gene cyclophilin A. The Delta- or Delta-Delta-Ct (dCt or ddCt) algorithmic method of 

quantification was used to determine relative gene expression [157]. 
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2.7. Western Blot 

Quantification of protein expression of estrogen receptor alpha was determined 

using western blot analysis. Due to the low Treg percentage in PBMCs, a leukocyte 

cone was used to FACS sort higher numbers of Tregs to obtain enough protein (sort 

gating Figure 2.4-1). 

2.7.1. Protein isolation and quantification 

Purified CD4 T-cells, Tregs and Tresp cells were washed in Tris buffered saline 

(TBS, Fisher Scientific) with protease inhibitors (Sigma Aldrich), prior to lysis with 

radioimmunoprecipitation assay (RIPA) buffer supplemented with protease 

inhibitors. A Pierce BCA Protein Assay Kit (ThermoFisher) was carried out to 

quantify the amount of protein, which has a colometric read-out detected at 590 nm 

on a TriStar² LB 942 Multidetection Microplate Reader (Berthold Technologies). 

2.7.2. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-

PAGE) 

Whole cell extracts from human CD4+ T-cells from 2 healthy donors (20µg in donor 

1, 30µg in donor 2) and FACS-sorted Tresp and Treg (7µg) from 1 healthy donor 

(leukocyte cone) were boiled in 5X Laemelli buffer for 5 minutes to denature proteins 

and then loaded and size-fractionated by sodium dodecyl sulphate-polyacrylamide 

gel electrophoresis (10% SDS-PAGE gel). The gel was run at 80 volts (V) for 20 

minutes followed by 110V for 1hr. Fractionated proteins were transferred onto a 

nitrocellulose membrane in transfer buffer at 100V for 1.5 hours. The membranes 

were blocked using 5% Non-Fat Dried Milk (NFDM)/tris-buffered saline (TBS) and 

0.1% Tween-20 (TBST) and then reacted with a rabbit monoclonal primary antibody 

against ERα (Abcam ab32063) (1/500) overnight at 4oC on a rotator. Human liver 

lysate (50ug) was used as a positive control and rabbit polyclonal heat shock protein 

90 kDa (hsp90) (1/1000) (Santa Cruz, sc7947) was used as a loading control. A 

horse radish peroxidase (HRP) conjugated secondary antibody (goat anti-rabbit IgG 

(Dako)) was incubated with the membrane for 1.5 hours at room temperature on a 

rotator. 5% NFDM/TBST was used to dilute antibodies and membrane washes with 

TBST were carried out throughout.  

Finally, the reactions were developed using ECF healthcare chemiluminescence 

and the blots were then exposed to x-ray film for 1 to 5 minutes to visualise 

chemiluminescent proteins. 
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2.8. CBA assay 

Healthy control and JSLE patient serum samples were analyised for cytokine 

expression using BD cytometric bead array human Th1/Th2/Th17 Kit. Cytokine 

protein levels analysed in a single sample were Interleukin-2 (IL-2), Interleukin-4 (IL-

4), Interleukin-6 (IL-6), Interleukin-10 (IL-10), Tumor Necrosis Factor (TNF), 

Interferon-γ (IFN-γ), and Interleukin-17A (IL-17A). This was performed by the 

manufacturer’s instructions using standards as to validate protein expression. 

Standards were prepared through serial dilutions from a top standard provided in the 

kit. Cytokine capture beads were mixed with the recombinant standards or serum 

samples and incubated with PE-conjugated detection antibodies to form sandwich 

complexes. The intensity of PE fluorescence of each sandwich complex identified 

the relative concentration of that cytokine. Serum samples were not diluted for 

analysis and fluorescence of PE (red channel- FL3-H) was measured by BD FACS 

array (BD FACSVerse). 

Figure 2.8-1: Seven bead populations mixed together to form the cytokine 
bead array (BD) resolved by fluorescence intensities in the red channel 
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2.9. Metabolomics 

Nightingale metabolomics platform (https://nightingalehealth.com/) was used to 

measure biomarkers in healthy control and JSLE patient serum (350ul). Nightingale 

is a service that measures 220 blood metabolic biomarkers (Page 71) using nuclear 

magnetic resonance (NMR) spectroscopy. The platform can simultaneously 

measure amino acids, fatty acids, glycolysis metabolites, routine lipid measures and 

in depth lipoprotein measurements such as particle size and content. Serum 

biomarker readings are combined with Nightingale’s proprietary bioinformatics 

software to quantify the spectral data into absolute concentration units. In addition, 

the platform delivers repeatable measurements with no batch effects. Nightingale’s 

service has been thoroughly validated and has been used to measure over 500,000 

samples from both research and clinical trials. 

2.9.1. Analysis 

Data was assessed by volcano plot analysis, plotting unpaired t-test p values 

against fold change for each metabolite. P value thresholds were corrected for 

multiple testing by false discovery rate (FDR) correction (Benjamini, Krieger and 

Yekutieli approach) using Prism 7 software.  

https://nightingalehealth.com/
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2.9.2. Nightingale 
220 metabolic 
biomarker platform: 
 
 Cholesterol 

 Total-C 

 VLDL-C 

 Remnant-C 

 LDL-C 

 HDL-C 

 HDL2-C 

 HDL3-C 

 Esterified-C 

 Free-C 

 Glycerides and 
phospholipids 

 Total triglycerides 

 VLDL-TG 

 LDL-TG 

 HDL-TG 

 Phosphoglycerides 

 TG/PG 

 Total cholines 

 Phosphatidylcholines 

 Sphingomyelins 

 Apolipoproteins 

 ApoB 

 ApoA1 

 ApoB/ApoA1 

 Fatty acids 

 Total fatty acids 

 Unsaturation 

 FAw3 

 FAw6 

 PUFA 

 MUFA 

 SFA 

 DHA 

 LA 

 FAw3/FA 

 FAw6/FA 

 PUFA/FA 

 MUFA/FA 

 SFA/FA 

 DHA/FA 

 LA/FA 

 Amino acids 

 Alanine 

 Glutamine 

 Glycine 

 Histidine 

 Isoleucine 

 Leucine 

 Valine 

 Phenylalanine 

 Tyrosine 

 Glycolysis related 
metabolites 

 Glucose 

 Lactate 

 Pyruvate 

 Citrate 

 Glycerol 

 Ketone bodies 

 Acetate 

 Acetoacetate 

 3-hydroxybutyrate 

 Fluid balance 

 Creatinine 

 Albumin 

 Inflammation 

 Glycoprotein acetyls 

 Lipoprotein 
subclasses 

 XXL-VLDL-P 

 XXL-VLDL-L (c/%) 

 XXL-VLDL-PL (c/%) 

 XXL-VLDL-C (c/%) 

 XXL-VLDL-CE (c/%) 

 XXL-VLDL-FC (c/%) 

 XXL-VLDL-TG (c/%) 

 XL-VLDL-P 

 XL-VLDL-L 

 XL-VLDL-PL (c/%) 

 XL-VLDL-C (c/%) 

 XL-VLDL-CE (c/%) 

 XL-VLDL-FC (c/%) 

 XL-VLDL-TG (c/%) 

 L-VLDL-P 

 L-VLDL-L (c/%) 

 L-VLDL-PL (c/%) 

 L-VLDL-C (c/%) 

 L-VLDL-CE (c/%) 

 L-VLDL-FC (c/%) 

 L-VLDL-TG (c/%) 

 M-VLDL-P 

 M-VLDL-L (c/%) 

 M-VLDL-PL (c/%) 

 M-VLDL-C (c/%) 

 M-VLDL-CE (c/%) 

 M-VLDL-FC (c/%) 

 M-VLDL-TG (c/%) 

 S-VLDL-P 

 S-VLDL-L (c/%) 

 S-VLDL-PL (c/%) 

 S-VLDL-C (c/%) 

 S-VLDL-CE (c/%) 

 S-VLDL-FC (c/%) 

 S-VLDL-TG (c/%) 

 XS-VLDL-P 

 XS-VLDL-L (c/%) 

 XS-VLDL-PL (c/%) 

 XS-VLDL-C (c/%) 

 XS-VLDL-CE (c/%) 

 XS-VLDL-FC (c/%) 

 XS-VLDL-TG (c/%) 

 IDL-P 

 IDL-L (c/%) 

 IDL-PL (c/%) 

 IDL-C (c/%) 

 IDL-CE (c/%) 

 IDL-FC (c/%) 

 IDL-TG (c/%) 

 L-LDL-P 

 L-LDL-L (c/%) 

 L-LDL-PL (c/%) 

 L-LDL-C (c/%) 

 L-LDL-CE (c/%) 

 L-LDL-FC (c/%) 

 L-LDL-TG (c/%) 

 M-LDL-P 

 M-LDL-L (c/%) 

 M-LDL-PL (c/%) 

 M-LDL-C (c/%) 

 M-LDL-CE (c/%) 

 M-LDL-FC (c/%) 

 M-LDL-TG (c/%) 

 S-LDL-P 

 S-LDL-L (c/%) 

 S-LDL-PL (c/%) 

 S-LDL-C (c/%) 

 S-LDL-CE (c/%) 

 S-LDL-FC (c/%) 

 S-LDL-TG (c/%) 

 XL-HDL-P 

 XL-HDL-L (c/%) 

 XL-HDL-PL (c/%) 

 XL-HDL-C (c/%) 

 XL-HDL-CE (c/%) 

 XL-HDL-FC (c/%) 

 XL-HDL-TG (c/%) 

 L-HDL-P 

 L-HDL-L (c/%) 

 L-HDL-PL (c/%) 

 L-HDL-C (c/%) 

 L-HDL-CE (c/%) 

 L-HDL-FC (c/%) 

 L-HDL-TG (c/%) 

 M-HDL-P 

 M-HDL-L (c/%) 

 M-HDL-PL (c/%) 

 M-HDL-C (c/%) 

 M-HDL-CE (c/%) 

 M-HDL-FC (c/%) 

 M-HDL-TG (c/%) 

 S-HDL-P 

 S-HDL-L (c/%) 

 S-HDL-PL (c/%) 

 S-HDL-C (c/%) 

 S-HDL-CE (c/%) 

 S-HDL-FC (c/%) 

 S-HDL-TG (c/%) 

 Lipoprotein particle 
sizes 

 VLDL particle size 

 LDL particle size 

 HDL particle size 
 
(c/%)=Concentration/Percent 
of total particle lipids  

https://nightingalehealth.com/biomarkers#cholines
https://nightingalehealth.com/biomarkers#pc
https://nightingalehealth.com/biomarkers#sm
https://nightingalehealth.com/biomarkers#apob
https://nightingalehealth.com/biomarkers#apoa1
https://nightingalehealth.com/biomarkers#faw3
https://nightingalehealth.com/biomarkers#faw6
https://nightingalehealth.com/biomarkers#pufa
https://nightingalehealth.com/biomarkers#mufa
https://nightingalehealth.com/biomarkers#sfa
https://nightingalehealth.com/biomarkers#dha
https://nightingalehealth.com/biomarkers#la
https://nightingalehealth.com/biomarkers#ace
https://nightingalehealth.com/biomarkers#acace
https://nightingalehealth.com/biomarkers#bohbut
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2.10. Estrogen measurement in serum 

Estradiol (estrogen) was measured in serum from healthy donors and JSLE patients 

by The Doctor’s Laboratory (TDL pathology). 

2.11. Statistical analysis 

Statistical analysis was performed in GraphPad Prism 6 software. Data was tested 

for normal distribution using Kolmogorov-Smirnov test and parametric or non-

parametric tests were used accordingly. Unpaired or pared t-tests were used to 

compare ex-vivo patient group data or culture/pre-post matched sample data 

respectively. Linear regression was performed with a 95% confidence interval used 

to calculate significance (Pearson correlation). Multiple testing was also accounted 

for by use of FDR correction (Benjamini, Krieger and Yekutieli approach) of p-value 

thresholds. This was carried out on phenotyping and metabolomics data using Prism 

7 software analysis of p-value stacks. Receiver operating characteristic (ROC) curve 

analysis was performed using GraphPad Prism 6. 

R version 3.2.3 software was used to produce correlation-correlation r- (spearman 

correlation) and p-values (Page 73) from phenotyping and metabolomics data. 

MultiExperiment Viewer (MeV) was used to produce heat maps and perform 

hierarchical clustering (Pearson correlation) on large data sets. Clustering was 

performed on z-score transformed raw data values (the signed number of standard 

deviations by which the value of an observation or data point differs from the mean 

value of what is being observed or measured). These were calculated in Microsoft 

Excel 2010 using the equation: ((Individual Value - Population Mean) / (Population 

Standard Deviation – Square Root of the Total Sample Number)). 
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2.11.1. Phenotype-phenotype correlation analysis code in R software 

 

R programs to open: 

library(ggplot2) 

library(Hmisc) 

library(reshape2) 

library(stats) 

Data import (csv file): 

Example name<-read.csv("Example file ",header=TRUE) 

Phenotype-phenotype correlation map: 

Example name _matrix <- data.matrix(Example name) 

cormatrix = rcorr(as.matrix(Example name _matrix), type="spearman") 

cordata = melt(cormatrix$r) 

ggplot(cordata, aes(x=Var1, y=Var2, fill=value)) + geom_tile() + xlab("") + ylab("") 

fix(cordata)     

File export: 

write.csv(cormatrix$r,file='HCs.csv') 

write.csv(cormatrix$P,file='HCs.csv') 

 

Data interpretation:  

This R analysis was initially done on healthy control data, followed by unbiased 

hierarchical clustering (MeV) of both axis of the phenotype-phenotype correlation 

map (spearman correlation r values). This validates the method by clustering co-

regulated immune cell subsets. Other phenotype-phenotype correlation maps were 

re-ordered to match the healthy to allow direct comparison of r-values.  
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2.12. Patient interaction survey 

2.12.1. Study design 

The aim was to set up an anonymous survey consisting of a lay summary of our 

research along with a brief description of the survey. We wanted the survey to 

capture as many responses in the shorted time possible to facilitate a cost and time 

effective process. The survey consisted of 15 questions to gain patient input on diet 

and lupus. 15 questions were chosen to allow maximum informative benefit for us as 

well as reduce the time patients had to spend filling out the questionnaire. This also 

included a final question allowing patients to use a free text box to share their ideas 

for research in this area. The UK Health Research Authority decision tool 

(https://www.hra.nhs.uk/approvals-amendments/) confirmed that ethical approval 

was not needed for this. The lay summary and questionnaire was passed through 

rheumatology doctors, basic science researchers, non-scientists and an expert 

patient to ensure it was clear and understandable. 

2.12.2. Response capture 

Survey monkey was used to host the survey (www.surveymonkey.com). This was 

out for 3 weeks of lupus awareness month (May 2018) and also covered world lupus 

day (May 10th) which both helped the promotion of the survey. Lupus UK, ARUK, 

Lupus research alliance, UCL adolescent rheumatology centre and UCL APS 

research and other lupus awareness groups helped to promote the survey on twitter, 

facebook and Instagram. A 1 month subscription was payed for (£35) which 

included the 3 weeks of survey accessibility followed by a week to extract the 

response data. An initial question asking patients to confirm that that have SLE was 

put in place to ensure data was valid. We also requested that survey monkey used 

individual Internet Protocol (IP) addresses to prevent multiple submissions from the 

same participant. 

2.12.3. Analysis of responses 

Analysis of the extracted data from survey monkey was carried out using Microsoft 

Excel 2010 and GraphPad Prism 6. ‘wordcloud’ software was used to produce a 

wordmap from patient free text regarding areas they feel we should be researching. 
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Chapter III: 
Results 1 
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3. Results 1 - Sex differences in autoimmunity could be 

associated with altered Treg phenotype and lipoprotein 

metabolism 

3.1. Introduction and aims for this chapter 

Healthy males and females differ in their immune response to foreign and self-

antigens and males are generally more susceptible to infections than females [128]. 

In addition there is a female to male ratio of 4.5:1 in JSLE and 9:1 in adult-onset 

SLE [2]. In healthy individuals fundamental differences exist in the frequency and 

activity of T-cell subsets by gender [129-131] and while some sex differences are 

present throughout life, others are established at puberty and menopause 

implicating the importance of both genetic and hormonal influences [132]. 

While females are at increased risk of autoimmunity, males have a significant 

increased risk of CVD. In healthy pre-menopausal females the risk of developing 

CVD and relative risk of hypercholesterolemia is lower compared to age-matched 

males. This has been proposed to be largely due to reduced pro-atherogenic LDL 

and increased anti-atherogenic HDL in females. Following menopause, female LDL 

increases to a higher level thus reducing their CVD protection while HDL remains 

higher in females at all ages [121-123]. Work from the Jury lab has shown that 

plasma membrane lipids play a key role in CD4 T-cell function and are altered in 

patients with SLE [113, 114, 117, 158]; membrane lipids in T-cells from males 

compared to females has not been investigated.   

I therefore hypothesised that immune cell phenotype and function differ between 

males and females and this could be associated with lipid metabolic differences 

driven by sex hormones. Thus the aim of this chapter was to: 

 Explore the immunophenotype of young healthy males and females 

 Analyse the cellular metabolic phenotype and matched serum metabolome to 

identify metabolites driving the immunophenotype 

 Explore how this relates to JSLE, an autoimmune disease with a female to male 

ratio of 4.5:1 
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3.2. Distinctive Treg phenotype between young healthy 

males and females 

The peripheral blood (PB) T-cell phenotype of young healthy post-pubertal males 

and females was examined. The donors were chosen based on age and pubertal 

state (all puberty tanner stage 4-5) and there was no significant difference between 

their ethnicity and age (Table 3.2-1). Pre-pubertal (puberty tanner stage 1) healthy 

donor T-cells were also examined (Table 3.2-2).  

3.2.1. Young males have increased Tregs compared to females 

Immunophenotyping by flow cytometry identified that Tregs (CD25+CD127-) 

(confirmed as FOXP3+) (Figure 3.2-1 A) were significantly increased in frequency in 

males, supporting previous findings in various age categories [128, 147], with an 

increase in Tresp cells in female PBMC’s (Figure 3.2-1 A-D). This was validated by 

calculating the absolute lymphocyte counts; a significant decrease in Tresp cells and 

an increase in Tregs was found in males compared to females (Figure 3.2-1 E).  In 

addition, no differences in the frequency of other CD4+ and CD8+ T-cell subsets 

were found between healthy donor males and females (Figure 3.2-1 B). Importantly, 

this difference in Tregs was also established pre-puberty between males and 

females however no difference in Tresp cells was seen (Figure 3.2-1 F).  

Using phenotype-phenotype correlation analysis male Tregs were found to be 

differentially associated with other immune cell subsets compared to female Tregs. 

Notably, male Tregs had a significant negative correlation with iNKT cells which was 

not seen in females. In contrast, female Tregs significantly correlated positively with 

CD4 central memory (CM) T-cells and plasmablasts, with a negative correlation with 

plasmacytoid dendritic cells (PDC’s); this was not seen in the males (Figure 3.2-1 

G). This suggests a differential co-regulation of Tregs with other immune cells 

between males and females. 
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Table 3.2-1 Demographic comparison between young healthy post-pubertal 
males and females within the cohort 

Demographic Male Female P value* 

Number 17 22 - 

Median Age (range) 18 (16-25) 17.5 (16-25) +0.85 

White 8 (47%) 12 (55%) *0.75 

Asian 6 (35%) 3 (18%) *0.14 

Black 1 (6%) 2 (9%) *1.00 

Other 2 (12%) 4 (18%) *0.68 

*Fisher's exact test or +unpaired t-test was used 
 
 
 
 
 
Table 3.2-2 Demographic comparison between healthy pre-pubertal males and 
females within the cohort 

Demographic Male Female P value 

Number 10 10 - 

Median Age (range) 9 (6-11) 8 (7-11) +0.50 

White 6 (60%) 5 (50%) *1.00 

Asian 3 (30%) 4 (40%) *1.00 

Black 1 (10%) 1 (10%) *1.00 

Other 0 (0%) 0 (0%) *1.00 

*Fisher's exact test or +unpaired t-test was used 

 
 
 
 
Table 3.2-3 Demographic comparison between gender dysphoria males and 
females within the cohort 

Demographic Natal Male Natal Female P value 

Number 10 10 - 

Median Age (range) 18 (17-20) 18 (17-19) +0.80 

White 90 (90%) 90 (90%) *1.00 

Asian 1 (10%) 0 (0%) *1.00 

Black 0 (0%) 1 (10%) *1.00 

Other 0 (0%) 0 (0%) *1.00 

*Fisher's exact test or +unpaired t-test was used 
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Figure 3.2-1: Sex differences in Treg and Tresp frequency 
Ex-vivo T-cell subset frequencies in PBMCs measured by flow cytometry. Healthy 
donor PBMCs stained with fluorochrome-labelled antibodies (CD4, CD25, CD127 & 
Foxp3) to detect Treg and Tresp cells in healthy males and females (A) Gating 
strategy for Tregs and Tresp cells. (B) Heatmap of p values comparing T-cell subset 
immunophenotyping of 39 age and ethnically matched healthy donors (22 female 
and 17 male). Star=significant p value following 10% false discovery rate adjustment 
for multiple comparisons. (C) Representative plots showing responder (Tresp) and 
regulatory (Treg) T-cell frequencies in post-pubertal males and females. (D) 
cumulative data of Treg and Tresp cell frequencies and (E) absolute counts from 22 
post-pubertal females and 17 males. Absolute counts were calculated by multiplying 
the percentage of Tregs in the total lymphocyte count by the average University 
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College Hospital (UCLH) healthy donor lymphocyte count (x10^9 cells/L). (F) 
Cumulative data of Treg and Tresp frequencies in 10 pre-pubertal females and 10 
males. Samples were analysed using Fortessa X20 flow cytometer and Flowjo 
software. Mean+SE, t-test, *=p<0.05, **=p<0.01, ***=p<0.001, ****=p<0.0001. (G) 
Correlation-correlation analysis performed using R software  and heatmap produced 
using MeV software indicating co-regulation between Tregs and other immune cell 
subsets in 22 post-pubertal female and 17 male healthy controls (Yellow=positive 
correlation coefficient, Blue= negative correlation coefficient). Unbiased clustering of 
coefficients was performed using MeV to group co-regulated cell types. Cell groups 
are labelled by colour (Red=T-cells, Green=B-cells, Blue=Monocytes/PDCs). 
Star=significant p values (<0.05). 
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3.2.2. Male Tregs are more suppressive than female 

It has been previously reported that female CD4 T-cells have increased proliferation 

and activation following puberty [128]. Tregs have the ability to suppress Tresp 

proliferation. Therefore, due to the sex-associated disparity in cell frequency it was 

next of interest to investigate differences in Treg function. 

To assess the function of the Tregs I performed Treg mediated suppression assays 

on activated Tresp cells (gating strategy Figure 3.2-2 A). Analysis of male and 

female donors together showed that Tregs suppressed Tresp activation in a dose 

dependent manner in both males and females, thus validating the assay (Figure 

3.2-2 B). The proliferative capacity of activated male and female Tresp alone 

(without Tregs) was also compared; female Tresp cells had increased proliferation 

following stimulation (relative to unstimulated proliferation) compared to males 

(Figure 3.2-2 C). The increased proliferative capacity of female Tresp cells alone 

(without Tregs) was accounted for in the Treg suppression analysis by comparing 

the percentage Treg suppression to the proliferation percentage of the activated 

Tresp cells alone. Male Tregs had a significantly greater capacity to suppress 

activated Tresp cells compared to female Tregs even at higher dilutions (Figure 

3.2-2 D-E), suggesting increased Treg functionality in males. 
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Figure 3.2-2: Male Tregs are more suppressive in vitro compared to female 
Tregs 
Treg mediated suppression of activated Tresp cells as measured by cell trace violet 
(CTV) proliferation detection agent. Treg, Tresp and monocytes were isolated from 
healthy donors (5 male and 5 female) using the FACS Aria cell sorter. Tresp cells 
were stained with CTV and activated using soluble anti-CD3/28 (50,000 cells/well). 
Monocytes were added to the culture (50,000 cells/well) and Tregs at Treg:Tresp 
ratios of 1:1, 1:2, 1:4 and 0:1. After 72hrs, proliferation (CTV) was measured using 
Fortessa X20 flow cytometer and Flowjo software. (A) Conventional gating strategy 
for suppression assay isolating lymphocytes, live cells, CD4+ T-cells and then CTV+ 
cells (Tresp). (B) % proliferation of Tresp in males and females combined at varying 
Treg:resp ratios. (C) % proliferation (dividing cells) of stimulated Tresp without Tregs 
in males compared to females. (D) Representative plots showing the extent of 
proliferation of Tresp cells at varying Treg:Tresp ratios in males (left) or females 
(right). Each leftward peak represents a round of proliferation. (E) Suppression 
capacity of Tregs at varying Treg:Tresp ratios in males compared to females. This 
was calculated using the fold change of Tresp % proliferation with Tregs (1:1, 1:2, 
1:4) compared to Tresp without Tregs (0:1). Mean+SE, t-test, *=p<0.05, **=p<0.01, 
***=p<0.001. 
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3.2.3. Male Tregs have a Th2 phenotype 

Furthermore, male and female Tregs had an altered cytokine profile assessed by 

intracellular flow cytometry staining. Male Tregs had a significant increase in IL-4 

production compared to female Tregs and no difference was observed between in 

IL-10 or IFNγ production (Figure 3.2-3 A). The ratio of IL-4:IFNγ and IL-10:IL-4 was 

also significantly different in males compared to females with no difference in the 

ratio of IL-10:IFNγ (Figure 3.2-3 B). In addition, no difference in the expression of 

these cytokines was found in Tresp cells between males and females (data not 

shown). 

In support of these findings, GATA-3 (the transcription factor associated with an IL-

4/Th2 phenotype [159]) was significantly increased in male compared to female 

Tregs whilst no difference was seen in T-bet expression (Figure 3.2-3 C).  

Thus, male Tregs display phenotypic and functional differences compared to 

females with an enhanced ability to suppress T-cell proliferation. This is potentially 

due to increased IL-4 production and increased expression of GATA-3. 
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Figure 3.2-3: Male Tregs produce more IL-4 compared to females 
Cytokine expression in Treg cells in healthy males and females. Ex vivo T-cells from 
8 male and 12 female healthy donors were surface stained for Treg/Tresp markers 
and intracellularly for cytokines IL-4, IFNγ and IL-10 after 4hr stimulation with 
PMA/ionomycin/golgi plug. (A-left) Representative plots displaying IL-4 MFI 
expression in males and female Tregs. (A-right) IL-4, IFNγ and IL10 expression and 
(B) cytokine ratios in Tregs from male and female healthy donors. (C-left) 
Representative plots from ex vivo Tregs stained intracellularly for GATA-3 (left) or 
Tbet (middle). (C-right) GATA-3 and Tbet expression in Tregs from 8 healthy males 
and 8 females. Samples were analysed using Fortessa X20 flow cytometer and 
Flowjo software. Mean+SE, t-test, *=p<0.05, **=p<0.01. 
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3.3. T-cells from males and females have differences in lipid 

metabolism related to their function 

Since previous work from the Jury lab has shown that T-cell function is associated 

with the plasma membrane lipid profile (lipid rafts, summarised in Figure 3.3-1 A) 

[113, 114, 117, 158], I explored the metabolic phenotype of isolated Tregs and 

Tresp in males and females. 

3.3.1. Male Tregs have increased glycosphingolipids and Tresp have reduced 

cholesterol compared to females 

Membrane expression of GSLs, using cholera toxin B, CTB and cholesterol, using 

filipin, was measured by flow cytometry in Tregs and Tresp cells. A significant 

increase in cholesterol (filipin) was found in female Tresp cells compared to males 

(Figure 3.3-1 B). No difference was seen in Treg cholesterol.  In contrast, Tregs had 

a significant increase in GSL (CTB) in males compared to females. This was 

supported by a significant increase in Treg gene expression of UDP-Glucose 

Ceramide Glucosyltransferase (UGCG), the rate limiting enzyme in the GSL 

synthesis pathway [160], in males compared to females (Figure 3.3-1 C-D). This 

was not seen in Tresp cells. In addition, the ratio of GSL:cholesterol was 

significantly increased in males in both Tregs and Tresp cells, together suggesting 

the T-cell membrane is less ordered (more fluidic) in males compared to females 

(Figure 3.3-1 E).   

3.3.2. Male Treg lipid profile may be associated with the Th2 phenotype 

A functional impact of this membrane difference was supported by a significant 

correlation between Treg membrane GSL expression and GATA-3 in males but not 

in females (Figure 3.3-1 F). This suggests that differences in Treg and Tresp 

function between males and females may be related to a differential metabolism of 

lipids. 
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Figure 3.3-1: Male and female Tregs have an altered cell membrane lipid 
profile 
Ex-vivo expression of cell membrane lipids on Treg and Tresp cells from healthy 
males and females. Healthy donor PBMCs were stained with fluorochrome labelled 
antibodies (CD4, CD25 and CD127) to detect Treg cells and PM membrane lipids 
(GSL, CTB and cholesterol, filipin). Samples were analysed using Fortessa X20 flow 
cytometer and Flowjo software. (A) T-cell lipid raft model highlighting key 
components cholesterol and glycosphingolipids (GSL) as well as the T-cell receptor 
(TCR) and signalling proteins. (B) Representative plots (left) and expression levels 
(right) of cholesterol (filipin) expression in Treg and Tresp cells from 8 males and 5 
females. (C) Representative plots (left) and expression levels (right) of GSL (CTB 
(cholera toxin B)) expression in Treg and Tresp cells from 22 females and 17 males. 
(D) RNA isolated from FACS-Aria sorted Tregs (CD4+CD25hiCD127-) from 4 
healthy males and 4 females and analysed by qPCR for gene expression of UGCG 
(UDP-Glucose Ceramide Glucosyltransferase). Relative gene expression compared 
to cyclophilin. (E) Ratio of GSL:cholesterol in Tregs and Tresp cells from 8 males 
and 5 females. Mean+SE, t-test, *=p<0.05, **=p<0.01. (F) Expression of GATA-3, 
measured intracellularly, correlated with GSL expression in matched Tregs from 8 
males and 8 females. P-value is displayed from the Pearson correlation 
(coefficients: male r = 0.8916, female r = -0.4572). 
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3.4. Young post-pubertal males and females have a different 

serum lipoprotein profile 

Cell plasma membrane lipid profiles can be modified by serum lipoproteins [161]. 

Therefore I decided to assess lipid-associated metabolites from males and females 

using in depth metabolomics of matched serum (nightingale metabolomics nuclear 

magnetic resonance (NMR) spectroscopy platform).  

3.4.1. Post-pubertal males and females differ in serum lipid profile 

Serum metabolites (220) were measured (including lipids, amino acids and 

glycolysis metabolites). 42 metabolites were significantly associated with young 

healthy post-pubertal males and 24 with females (Table 3.4-1). The serum 

lipoprotein and fatty acid lipid profile was strikingly different between males and 

females (Figure 3.4-1 A-B). Despite the young age of these donors a significant 

increase was identified in the atherogenic VLDL lipoprotein compartment (including 

size and lipid composition) in males with a significant increase of the 

atheroprotective HDL lipoprotein compartment in females (Figure 3.4-1 A). This was 

supported by an increase in forward lipoprotein-transport associated ApoB in males 

and an increase in reverse lipoprotein-transport associated ApoA1 in females. 

Furthermore, I found a significant increase in atheroprotective PUFA’s in females 

with males having increased atherogenic SFA’s (Figure 3.4-1 B). Males also had 

significantly increased serum triglycerides (TG). As a validation of atherosclerotic 

risk, the atherogenic index of plasma (AIP) was calculated as 

[Log(triglycerides/HDL-cholesterol)]. This calculation supported the metabolomic 

profiles with a significantly increased AIP in healthy teenage males compared to 

females (Figure 3.4-1 C). 

3.4.2. Differences in male and female serum lipid profiles are absent pre-

puberty and may be driven by hormones 

To investigate whether hormonal influences could be responsible for driving these 

lipid metabolism differences in males and females, I next explored the serum 

metabolic profile of pre-pubertal children (Table 3.2-2). No differences were found in 

the lipid profile of these children between males in females (Figure 3.4-1 D). This 

suggested a hormonal influence on lipid metabolism. To further validate these 

findings, I investigated the serum lipid profile of males and females with gender 

dysphoria (Table 3.2-3). The males with inhibited testosterone and supplemented 

estrogen had an increase in the HDL compartment as well as ApoA1 (Figure 3.4-1 

E) resembling the profile of young post-pubertal females. In contrast, females with 
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estrogen inhibition and testosterone supplementation had decreased HDL and 

ApoA1 as well as the PUFA docosahexaenoic acid (DHA) (Figure 3.4-1 F). This 

evidence supports that sex hormones are an important player in driving changes in 

lipid metabolism at puberty between males and females. These changes infer a 

protection from cardiovascular disease in females compared to males following the 

onset of puberty at this young age. 

3.4.3. Males and females cluster independently based on their lipid profile 

To identify metabolic clusters, I next took the significantly different metabolites from 

puberty established males and females as metabolic signatures (Table 3.4-1) and 

performed unbiased hierarchical clustering on the healthy donors using these 

combined signatures. Two cluster groups formed based on these signatures. Cluster 

one contained 79% of the males with the VLDL compartment (concentration, size 

and lipid content) as the predominant metabolites. Cluster two contained 76% of the 

females with the HDL compartment as the predominant metabolites (Figure 3.4-2 

A).  

Thus, healthy males and females have Tregs with a differential membrane lipid 

profile as well as significantly different serum lipid signatures that infer an altered 

atherosclerotic risk.  
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Figure 3.4-1: Young females have an atheroprotective lipid profile compared 
to males  
Metabolites were measured in male or female serum by Nightingale Metabolomics. 
Volcano plot showing all metabolites (A) and fatty acids (B) fold change from male 
expression levels and Log10 p values of healthy males (n=15) and females (n=17) 
(C) Atherogenic index of plasma (AIP) (logarithmically transformed ratio of molar 
concentrations of triglycerides to HDL-cholesterol) calculated from serum measures 
from healthy males (n=15) and females (n=17). Mean. t-tests, **p=<0.001,*p=<0.05. 
(D) Volcano plot showing fold change from male expression levels and Log10 p 
values healthy pre-pubertal males (n=10) and females (n=10). Volcano plot showing 
fold change of gender dysphoria (GD) individuals (n=10) from (E) respective male 
(n=15) or (F) female (n=17) expression levels and Log10 p values.  Blue 
line=p=0.05, Red line=adjusted p value following 5% false discovery rate adjustment 
for multiple comparisons. Coloured dots represent different metabolite groups. 
Abbreviations: VL/I/L/HDL (very low/intermediate/low/high density lipoproteins), C 
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(cholesterol), CE (cholesterol ester), FC (free cholesterol), TG (triglycerides), PL 
(phospholipids), Apo (apolipoprotein), TG (triglycerides), FA (fatty acids), PG 
(Phosphoglyceride), PC (Phosphatidylcholine), SM (Sphingomyelins), DHA 
(Docosahexaenoic acid), LA (Linoleic acid), FAw6 (Omega-6 fatty acids), PUFA 
(Polyunsaturated fatty acids), MUFA (Monounsaturated fatty acids), SFA (Saturated 
fatty acids). 
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Metabolite Male, Mean [mmol/L] (range) Female, Mean[mmol/L] (range) P value 
Male associated: 

XXL-VLDL-Particles 1.10E-10 (0 - 3.64E-10) 2.90E-11 (0 - 1.80E-10) 0.0106 
XXL-VLDL- total lipids 2.33E-2 (0 - 7.75E-02) 6.08E-3 (0 - 3.83E-2) 0.0109 
XXL-VLDL- phospholipids 2.59E-03 (0 - 9.27E-03) 5.72E - 04 (0-4.38E-03) 0.0115 
XXL-VLDL- cholesterol 3.53E-03 (0 - 1.28E-02) 9.21E - 04 (0-6.29E-03) 0.0166 
XXL-VLDL- cholesterol 
ester 

1.88E-03 (0 - 6.78E-03) 5.62E-04 (0 - 3.57E-03) 0.0233 
XXL-VLDL- free 
cholesterol 

1.65E-03 (0 - 5.98E-03) 3.60E-04 (0 - 2.73E-03) 0.0115 
XXL-VLDL- triglycerides 1.71E-02 (0 - 5.55E-02) 4.59E-03 (0 - 2.76E-02) 0.0099 
XL-VLDL- Particles 6.312-10 (0 - 2.07E-09) 1.51E-10 (0 - 9.99e-10) 0.0072 
XL-VLDL- total lipids 6.07E-02 (0 - 2.00E-01) 1.45E-02 (0 - 9.65E-02) 0.0075 
XL-VLDL- phospholipids 9.10E-03 (0 - 3.23E-02) 2.04E-03 (0 - 1.49E-02) 0.0104 
XL-VLDL- cholesterol 1.09E-02 (0 - 3.81E-02) 2.66E-03 (0 - 1.85E-02) 0.0109 
XL-VLDL- cholesterol 
ester 

6.33E-03 (0 - 2.08E-02) 1.67E-03 (0 - 1.08E-02) 0.0093 
XL-VLDL- free cholesterol 4.58 (0 - 1.73E-02) 9.89E-04 (0 - 7.67E-03) 0.0143 
XL-VLDL- triglycerides 4.06E-02 (0 - 1.30E-01) 9.78E-03 (0 - 6.32E-02) 0.0064 
L-VLDL- Particles 4.39E-09 (0 - 1.24E-08) 1.46E-09 (0 - 6.26E-09) 0.0058 
L-VLDL- total lipids 2.51E-01 (0 - 7.14E-01) 8.26E-02 (0 - 3.61E-01) 0.0059 
L-VLDL- phospholipids 4.40E-02 (0 - 1.27E-01) 1.44E-02 (0 - 6.36E-02) 0.0065 
L-VLDL- cholesterol 5.32E-02 (0 - 1.56E-01) 1.70E-02 (0 - 8.17E-02) 0.007 
L-VLDL- cholesterol ester 2.92E-02 (0 - 7.94E-02) 1.09E-02 (0 - 4.56E-02) 0.0088 
L-VLDL- free cholesterol 2.40E-02 (0 - 7.61E-02) 6.13E-03 (0 - 3.61E-02) 0.0062 
L-VLDL- triglycerides 1.54E-01 (0 - 4.32E-01) 5.13E-02 (0 - 2.16E-01) 0.0054 
M-VLDL- Particles 1.60E-08 (4.60E-09 - 3.49E-08) 8.36E-09 (0 - 2.02E-08) 0.0047 
M-VLDL- total lipids 5.27E-01 (1.49E-01 - 1.15) 2.77E-01 (0 - 2.02E-08) 0.0053 
M-VLDL- phospholipids 1.04E-01 (3.29E-02 - 2.21E-01) 5.71E-02 (0 - 1.32E-01) 0.0063 
M-VLDL- cholesterol 1.24E-01 (2.24E-02 - 2.76E-01) 7.18E-02 (0 - 1.72E-01) 0.0225 
M-VLDL- free cholesterol  5.69E-02 (9.84E-03 - 1.34E-01) 2.72E-02 (0 - 7.52E-02) 0.0071 
M-VLDL- triglycerides 2.99E-01 (8.22E-02 - 6.55E-01) 1.48E-01 (0 - 3.65E-01) 0.0025 
S-VLDL- Particles 2.40E-08 (1.17E-08 - 4.00E-08) 1.71E-08 (7.91E-09 - 2.87E-08) 0.017 
S-VLDL- total lipids 4.58E-01 (2.24E-01 - 7.56E-01) 3.32E-01 (1.54E-01 - 5.52E-01) 0.0231 
S-VLDL- phospholipids 1.08E-01 (5.88E-02 - 1.65E-01) 8.17E-02 (4.56E-02 - 1.30E-01) 0.0203 
S-VLDL- free cholesterol 5.90E-02 (2.78E-02 - 9.40E-02) 4.42E-02 (1.96E-02 - 7.20E-02) 0.0396 
S-VLDL- triglycerides 2.16E-01 (9.44E-02 - 3.79E-01) 1.37E-01 (5.13E-02 - 2.52E-01) 0.0038 
XS-VLDL- triglycerides 8.44E-02 (4.25E-02 - 1.23E-01) 6.61E-02 (3.44E-02 - 1.04E-01) 0.0326 
VLDL-Diameter 3.76E+01 (3.49E+01 - 4.00E+1) 3.58E+01 (3.37E+01 - 3.81E+01) 0.0003 
VLDL- triglycerides 8.16E-01 (2.27E-01 - 1.77) 4.26E-01 (1.05E-01 - 1.03) 0.0036 
Serum-Triglycerides 1.12 (4.30E-01 - 2.15) 7.19E-01 (3.07E-01 - 1.42) 0.0092 
Monounsaturated fatty 
acids 

2.70E+01 (2.15E+01 - 3.12E+01) 2.49E+01 (2.14E+01 - 2.84E 
+01) 

0.0418 
Saturated fatty acids 3.55E+01 (3.14E+01 - 3.89E+01) 3.43E+01 (3.14E+01 - 3.65E+01) 0.0458 
Isoleucine 5.89E-02 (3.65E-02 - 1.08E-01) 4.35E-02 (2.50E-02 - 8.34E-02) 0.0157 
Leucine 7.76E-02 (5.77E-02 - 1.25E-01) 7.76E-02 (3.90E-02 - 9.86E-02) 0.0057 
Valine 1.73E-01 (1.22E-01 - 2.47E-01) 1.40E-01 (8.72E-02 - 1.87E-01) 0.0075 
Creatinine 5.82E-02 (4.17E-02 - 7.73E-02) 5.06E-02 (3.49E-02 - 6.37E-02) 0.0177 

Female associated: 
XL-HDL- Particles 2.28E-07 (0 - 5.50E-07) 3.87E-07 (0 - 7.01E-07) 0.0165 
XL-HDL- total lipids 2.27E-01 (0 - 5.61E-01) 3.87E-01 (0 - 7.04E-01) 0.0176 
XL-HDL- phospholipids 1.24E-01 (0 - 2.77E-01) 2.21E-01 (0 - 3.99E-01) 0.0069 
XL-HDL- cholesterol 9.43E-02 (0 - 2.78E-01) 1.55E-01 (0 - 2.90E-01) 0.0493 
XL-HDL- free cholesterol 2.34E-02 (0 - 7.61E-02) 4.25E-02 (0 - 8.50E-02) 0.0278 
L-HDL- Particles 8.66E-07 (0 - 1.59E-06) 1.33E-06 (8.29E-07 - 2.34E-06) 0.006 
L-HDL- total lipids 5.44E-01 (0 - 1.01) 8.39E-01 (5.15E-01 - 1.49) 0.006 
L-HDL- phospholipids 2.67E-01 (0 - 4.75E-01) 4.00E-01 (2.74E-01 - 6.93E-01) 0.0057 
L-HDL- cholesterol 2.58E-01 (0 - 5.13E-01) 4.11E-01 (2.18E-01 - 7.48E-01) 0.0074 
L-HDL- cholesterol ester 2.05E-01 (0 - 3.97E-01) 3.22E-01 (1.73E-01 - 5.79E-01) 0.0076 
L-HDL- free cholesterol 5.26E-02 (0 - 1.16E-01) 8.93E-02 (4.48E-02 - 1.70E-01) 0.0067 
L-HDL- triglycerides 1.84E-02 (0 - 4.45E-02) 2.75E-02 (1.25E-02 - 4.71E-02) 0.0118 
S-HDL- triglycerides 4.82E-02 (2.54E-02 - 7.28E-02) 3.78E-02 (2.32E-02 - 5.47E-02) 0.0128 
HDL-Diameter 9.78 (9.4 - 1.01E+1) 1.00E+01 (9.65 - 1.03E+01) 0.006 
HDL- cholesterol 1.20 (7.48E-01 - 1.73) 1.48 (1.10 - 2.13) 0.0111 
HDL2- cholesterol 7.48E-01 (3.35E-01 - 1.24) 1.01 (6.65E-01 - 1.63) 0.0114 
HDL3- cholesterol 4.47E-01 (4.12E-01 - 4.90E-01) 4.68E-01 (4.35E-01 - 5.10E-01) 0.023 
ApoA1 1.33 (1.06 - 1.62) 1.48 (1.25 - 1.85) 0.027 
Sphingomyelin 3.07E-01 (2.26E-01 - 4.27E-01) 3.53E-01 (2.82E-01 - 4.28E-01) 0.0339 
Docosahexaenoic acid 1.01 (7.03E-01 - 1.45) 1.22 (8.05E-01 - 1.78) 0.0191 
Linoleic acid 2.94E+01 (2.69E+1 - 3.39E+01) 3.25E+01 (2.94E+01 - 3.64E+01) 0.0003 
Omega-6 fatty acids 3.43E+01 (3.06E+01 - 3.85E+01) 3.73E+01 (3.32E+01 - 4.11E+01) 0.0007 
Polyunsaturated fatty 
acids 

3.75E+01 (3.35E+01 - 4.23E+01) 4.08E+01 (3.62E+01 - 4.43E+01) 0.0005 
Citrate 1.02E-01 (8.01E-02 - 1.30E-01) 1.22E-01 (9.70E-02 - 1.51E-01) 0.0007 

Table 3.4-1: Metabolites significantly associated with young healthy post-
pubertal males and females 
All metabolites (Nightingale) with p>0.05 between males and females. P=Unpaired t-
test. Key: brown (VLDL), green (HDL), grey (apolipoproteins), pink (fatty acids, 
%FA), yellow (other lipids), purple (amino acids), blue (glycolysis), black (other). 
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Figure 3.4-2: Unbiased hierarchical clustering of post-pubertal males and 
females based on their serum metabolic signature 
Unbiased hierarchical clustering predicts males from females based on serum lipid 
signatures. Heat map displaying the z-score converted measurements of the male 
and female metabolic signatures (Figure 3.4-1 A, Table 3.4-1) from 32 individual 
healthy controls. Unbiased hierarchical clustering was performed using MeV 
software (males=green, females=red).  
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3.5. Treg phenotype is determined by serum VLDL lipid 

composition 

Regulatory T-cells rely more heavily on lipid metabolism for their function compared 

to other T-cell subsets [162] and evidence suggests that lipoprotein metabolism can 

influence T-cell function [163] [164]. It was therefore of interest to investigate the 

relationship between the male and female serum lipoprotein profile and functional 

and metabolic differences in Tregs. 

3.5.1. The VLDL signature of males and females is associated with different 

functional Treg subsets 

Miyara et.al [165] identified a gating strategy to functionally define three Treg 

subsets: resting (CD25+,CD45RA+) (non-proliferating and suppressive), activated 

(CD25++, CD45RA-) (proliferative and suppressive) and cytokine producing 

(CD25+, CD45RA-) (non-suppressive) (Figure 3.5-1 A). I used these functional 

subsets to explore a connection between lipoproteins and Tregs in males and 

females. 

I correlated the HDL signature associated with females with these three subsets in 

males and females and found no association (data not shown). However, the VLDL 

signature associated with males, when correlated with the three subsets, produced 

significant opposing associations between males and females. The signature 

correlated positively with the activated (CD25++, CD45RA-) subset in males and 

negatively with the resting subset (CD25+, CD45RA+). In females there was a 

negative correlation with the activated (CD25++, CD45RA-) and a significant 

positive correlation with the resting (CD25+,CD45RA+) Treg subset (Figure 3.5-1 B). 

This suggested that the composition of the VLDL particles in males and females 

may be different. No significant correlation was identified between the signatures 

and Tresp frequency or phenotype using CD69 as a marker of activation (data not 

shown). 
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Figure 3.5-1: The VLDL signature associated with males correlates with a 
different Treg phenotype in males and females 
Association of the male or female VLDL signature with Miyara et.al functional Treg 
subsets. (A) Flow cytometry PBMC gating strategy (dot and contour plot) for Treg 
functional subsets. Healthy donor PBMCs were stained with fluorochrome-labelled 
antibodies (CD4, CD25, CD127 & CD45RA) to detect Treg functional subsets. 
Samples were analysed using Fortessa X20 flow cytometer and Flowjo software. (B) 
Volcano plot showing the correlation (r value) between the male (left) or female 
(right) VLDL signature and Miyara et.al Treg functional subsets and Log10 p values. 
Red line=p=0.05, coloured dots represent different Treg functional subsets. 
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3.5.2. Compositional differences in VLDL drive differences in Treg phenotype 

between males and females 

Because of previous observations I hypothesised that the VLDL may have 

compositional differences between males and females and this could influence the 

Treg phenotype. Analysis of lipoprotein percentage lipid compositions from the 

metabolomics data (Nightingale) identified that male small and medium sized VLDL 

contains significantly more triglycerides and free cholesterol whereas in the females 

they contained more cholesterol, cholesterol esters and phospholipids (Figure 3.5-2 

A).  

To investigate this further, VLDL was isolated from male and female serum samples 

and cultured with PBMC’s from a leukocyte cone (Figure 3.5-2 B). Regarding the 

lipid content of the Treg cell membrane, male VLDL significantly increased GSL 

expression compared to female VLDL and female VLDL significantly increased 

phospholipids compared to male VLDL (Figure 3.5-2 C). No significant difference 

was found in Treg cholesterol. This also had functional implications; male VLDL 

significantly increased Treg activation (assessed by CD69 expression) (Figure 3.5-2 

D) and IL-4 production compared to females (Figure 3.5-2 E). No differences were 

observed in IL-10 or IFNγ production. 

Finally, I found that female VLDL significantly increased CD4+ T-cell proliferation 

assessed by KI-67 expression compared to male VLDL (Figure 3.5-2 F). Thus, the 

phenotype of Tregs can be differentially altered by VLDL from males or females. 
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Figure 3.5-2: Isolated VLDL from male and female serum induces different 
phenotypic characteristics in Tregs in vitro 
(A) VLDL percentage lipid composition between healthy males and females 
measured by Nightingale metabolomics. Volcano plot showing fold change from 
male expression levels and Log10 p values of healthy males (n=15) and females 
(n=17) and Log10 p values. Red line=adjusted p value following 5% false discovery 
rate adjustment for multiple comparisons. Dot size represents different sized VLDL 
particles. (B) Experimental design for the isolation of VLDL from male or female 
serum and culture with PBMC’s. Healthy donor PBMC’s cells from a leukocyte cone 
were cultured with VLDL for 24hrs and then stained with fluorochrome labelled 
antibodies (CD4, CD25 and CD127) to detect Treg cells. (C) Cells were further 
stained for PM lipids GSL (left), PL (middle) and cholesterol (right). (D) Cells were 
also surface stained with CD69. (E) Separately cells were stained intracellularly for 
cytokines IL-4, IL-10 and IFNγ following 4hr stimulation with PMA/ionomycin/golgi 
plug (right). (F) Cells were also stained intracellularly with ki67 proliferation marker. 
Samples were analysed using Fortessa X20 flow cytometer and Flowjo software. 
Mean+SE, t-test, *=p<0.05, **=p<0.01, ***=p<0.001, ****=p<0.0001. Abbreviations: 
C (cholesterol), CE (cholesterol ester), FC (free cholesterol), TG (triglycerides), PL 
(phospholipids).  
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3.6. Sex specific differences in metabolism and Treg 

phenotype are lost in JSLE 

JSLE is an autoimmune disease with a substantial sex bias towards females [2]. 

Here the Treg phenotypic and metabolic differences found in healthy males and 

females were examined in an autoimmune setting. JSLE males and females were 

age matched to both each other (Table 3.6-1) and the healthy controls (Table 2.1-1). 

There was no significant difference in age, ethnicity, age of onset, treatment or 

disease clinical parameters (apart from ANA and anti-CL IgG) between JSLE males 

and females (Table 3.6-1). 

3.6.1. Sex differences in Treg phenotype are lost in JSLE 

The differences between males and females found in healthy donor Treg and Tresp 

cell frequencies were lost in patients with JSLE (Figure 3.6-1 A-C); this was also the 

case for Treg IL-4 production (Figure 3.6-1 D). Again, regarding membrane lipid 

content, the healthy sex differences found in healthy in Tresp cholesterol and in 

Treg GSL were lost in JSLE (Figure 3.6-1 E-F). This was supported by an increased 

expression of UGCG in JSLE females compared to healthy females (Figure 3.6-1 

G).  
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Table 3.6-1 Demographic and clinical comparison between JSLE males and 
females within the cohort 

Demographic Male Female P value 

Number 12 23 - 

Age 18 (15-23) 20 (14-25) 0.39 

White 3 (25%) 10 (43%) 0.46 

Asian 6 (50%) 7 (30%) 0.29 

Black 3 (25%) 4 (17%) 0.67 

Other 0 (0%) 2 (9%) 0.54 

Age of onset 13 (0-18) 12 (5-18) 0.32 

Clinical feature 

   SLEDAI 2 (0-10) 2 (0-10) 0.62 

Neurological involvement 1 (8%) 1 (4%) 1.00 

Serositis involvement 2 (17%) 6 (26%) 0.31 

Cutaneous involvement 10 (83%) 21 (92%) 0.69 

Heamatological involvement 5 (42%) 9 (39%) 1.00 

Musculoskeletal involvement 9 (75%) 21 (91%) 0.31 

Renal involvement 4 (33%) 5 (22%) 0.69 

ANA (positive) 7 (58%) 23 (100%) 0.002 

RF_Result (positive) 1 (8%) 2 (9%) 1.00 

LA_Result (positive) 2 (17%) 2 (9%) 0.59 

ENA 5 (42%) 14 (61%) 0.31 

Anti-CL_IgM (MPL) 2.8 (0.4-11.5) 2.1 (0.2-9.4) 0.59 

Anti_CL_IgG (GPL) 2 (0.1-25.9) 1.55 (0.3-8.4) 0.02 

ESR 6.5 (2-38) 13 (2-127) 0.23 

dsDNA_Result 47 (2-2827) 58 (1-17441) 0.46 

C3 1 (0.33-1.36) 1.11 (0.35-1.64) 0.28 

Lymphocyte count 1.49 (0.68-3.8) 1.63 (0.59-3.08) 0.78 

Treatment 

   Hydroxychloroquine 11 (92%) 20 (87%) 1.00 

Mycophenolate mofetil 5 (42%) 13 (57%) 0.49 

Prednisolone 5 (42%) 12 (52%) 0.72 

Vitamin D 2 (17%) 6 (26%) 0.19 

Methotrexate 1 (8%) 2 (9%) 1.00 

Azathioprine 4 (33%) 3 (13%) 0.20 

*Fisher's exact test or unpaired t-test was used   
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Figure 3.6-1: Sex differences in Treg phenotype are lost in JSLE 
Previous measurements made in healthy donors were carried out in a cohort of 
male and female JSLE patients. (A) Heatmap comparing T-cell subset 
immunophenotyping of 39 age and ethnically matched JSLE patients (23 female and 
12 male). Star=significant p values following false discovery rate adjustment for 
multiple comparisons. JSLE PBMCs stained with fluorochrome-labelled antibodies 
(CD4, CD25, CD127) to detect (B) Treg and (C) Tresp cell frequency in 22 female 
and 17 male healthy donors and 23 female and 12 male JSLE patients. (D) Ex vivo 
T-cells from 8 male and 12 female healthy donors and 6 male and 15 female JSLE 
patients surface stained for Treg/Tresp markers and intracellularly for cytokine IL-4 
after 4hr stimulation with PMA/ionomycin/golgi plug. (E) PBMCs from 22 female and 
17 male healthy donors and 23 female and 12 male JSLE patients stained with 
fluorochrome labelled antibodies (CD4, CD25 and CD127) to detect Treg and Tresp 
cells and (E) filipin (cholesterol) and (F) CTB (GSL) PM lipid. Samples were 
analysed using Fortessa-X20 flow cytometer and Flowjo software. Mean. t-tests, 
*=p<0.05, **=p<0.01, ***=p<0.001, ****=p<0.0001. (G) RNA isolated from FACS-
sorted Tregs (CD4+CD25hiCD127-) from 4 healthy and 5 JSLE females and 
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analysed by qPCR for glycosphingolipid (GSL) biosynthesis gene UGCG (UDP-
Glucose Ceramide Glucosyltransferase). Relative gene expression compared to 
cyclophilin. Mean t-tests, *p=<0.05.  
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3.6.2. Sex differences in the serum lipid metabolome are lost in JSLE 

The metabolomic differences found in healthy male and female serum were 

diminished in JSLE including the composition of VLDL (Figure 3.6-2 A). This was 

also the case for the atherogenic index of plasma (Figure 3.6-2 B). I next compared 

the metabolomic profile of healthy males to JSLE males and healthy females to 

JSLE females (Figure 3.6-2 C). A subtle decrease in HDL particles was identified in 

JSLE males and females as well as a small increase in male LDL particles. An 

increase in VLDL particles was found in females whereas a decrease was observed 

in males. Regarding the percentage lipid composition of VLDL, I found a reduction in 

the small VLDL phospholipids in males and females as well as a reduction in 

medium and small VLDL-TG and free cholesterol in males. Cholesterol and 

cholesterol esters increased in all VLDL sizes in both male and female JSLE 

patients (Figure 3.6-2 C). Importantly no significant difference was identified in any 

metabolites between steroid treated and non-treated patients within the cohort 

(Figure 3.6-2 D), thus ruling out an obvious influence of the steroid treatment in the 

circulating metabolites. 
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Figure 3.6-2: Sex differences in male and female lipid metabolism are lost in 
JSLE 
Metabolomics (Nightingale) on serum from JSLE males (n=11) and females (n=22). 
(A) Volcano plot showing metabolomics data as fold change from male expression 
levels and Log10 p values corrected for multiple testing by 5% false discovery rate 
Red line=0.05. Dots represent an individual metabolite. (B) Atherogenic index of 
plasma (AIP) (logarithmically transformed ratio of molar concentrations of 
triglycerides to HDL-cholesterol) calculated from serum measures from 
healthy/JSLE males (n=15/11) and females (n=17/22). Mean. t-tests, 
**p=<0.001,*p=<0.05. (C) Lipoprotein particle concentration and lipid measures from 
healthy/JSLE males (n=15/11) and females (n=17/22). Data is displayed as mean 
fold change from healthy. Male points are represented as filled dots, female as 
hollow dots. (D) Volcano plot showing metabolomics data from steroid treated 
(n=17) and non-treated (n=16) with expression levels displayed as fold change from 
non-treated and Log10 p values corrected for multiple testing by 5% false discovery 
rate Red line=0.05. Dots represent an individual metabolite. 
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3.6.3. Estrogen receptor expression is altered in female JSLE patients 

compared to healthy donors 

Together the data shown here strongly suggests a hormonal role in modulating 

lipoprotein metabolism, cardiovascular risk and Treg function. I next decided to 

investigate this further by looking at estrogen hormone levels and receptor 

expression in healthy individuals and JSLE patients. This is preliminary data to 

begin to identify a mechanism for hormonal influences on cellular lipid metabolism 

related to JSLE. 

Serum estrogen levels (measured by The Doctors Laboratory (TDL)) were not 

significantly different between healthy females and JSLE patients (Figure 3.6-3 C). 

RNA expression of ERα however was significantly decreased in Tregs from JSLE 

patients compared to healthy individuals (Figure 3.6-3 B). This difference was not 

seen in Tresp cells (data not shown). Estrogen receptor (ER) protein expression has 

not been validated in Tregs previously and therefore I carried out an ERα western 

blot on CD4 T-cells, Tregs and Tresp cells using liver lysate as a positive control. 

ERα was detected in all T-cell subsets investigated (Figure 3.6-3 C).  

In vitro culture of PBMC’s with estrogen (E2) showed that E2 alone did not affect 

GSL or cholesterol levels on the cell membrane in CD4+ T-cells (Figure 3.6-3 E). 

When cells were treated with the synthetic LXR agonist GW3965, there was an 

increase in GSL (CTB) expression but a decrease in cholesterol (Filipin). E2 and 

GW combined produced a significantly greater effect on GSL and cholesterol than 

the effects seen with GW alone (Figure 3.6-3 E). These differences were reflected 

by the CTB:Filipin ratio. This was supported by analysis of RNA from isolated CD4+ 

T-cells cultured in the same way (Figure 3.6-3 F). Here GW significantly increased 

UGCG (GSL metabolism), ABCA1, ABCG1 and IDOL (Increased Degradation of 

LDL Receptor Protein) (cholesterol metabolism). Again E2 and GW combined 

produced a significantly greater (ABCA1 and IDOL) or trend towards a greater 

(UGCG and ABCG1) effect on these genes than the effects seen with GW alone 

(Figure 3.6-3 F). I also explored the role of E2 in cellular lipid metabolism in vivo. 

Males undertaking gender dysphoria (GD, testosterone blocked, E2 supplemented) 

were compared to post-pubertal healthy males (Figure 3.6-3 G). GD males had 

increased CTB and CTB:Filipin ratio, supporting the in vitro data, but no differences 

were found in cholesterol alone (Figure 3.6-3 G).  

Overall, these findings indicate that an alteration in hormone signalling in JSLE is 

likely to result in changes in lipoprotein profile and composition, leading to a loss of 
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differential male/female blood lipid taxonomy and increased cardiovascular risk in 

females. This in turn alters Treg plasma membrane lipids and immune cell function 

resulting in increased autoimmunity. This hypothesis is summarised in Figure 3.6-4. 
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Figure 3.6-3: Estrogen receptor alpha is reduced in SLE 
(A) Serum estradiol (measured by The Doctors Laboratory (TDL)) in serum from 9 
healthy and 18 JSLE females. (B) Schematic of the cellular location, interaction and 
signalling of the different estrogen receptors. Estrogen as a ligand acts at 4 
described receptors: ERα, ERβ, ERα36 and G protein-coupled estrogen receptor 30 
(GPR30). ERα and ERβ dimerise in the cytoplasm when they encounter estrogen. 
They dimarise and translocate to the nucleus where they regulate gene 
transcription. These ER’s can be found at the cell membrane in lipid rafts where they 
are bound by palmitoylation and here they can regulate non-genomic signalling. 
Similarly, ERα36, a truncated form of the conventional ERα, is also found in the 
cytoplasm, nucleus and at the cell membrane. Key: Receptor translocation is 
presented by a double ended arrow, and signalling by a single headed black arrow. 
(C) RNA isolated from FACS-sorted Tregs (CD4+, CD25+, CD127-) from 4 healthy 
and 5 JSLE females and analysed by qPCR for ERα, β, α36 and G protein-coupled 
GPR30. Relative gene expression compared to cyclophilin. Mean t-tests, *p=<0.05. 
(D) Whole cell extracts from human CD4+ T-cells (20µg in donor 1, 30µg in donor 2) 
from 2 healthy donors and FACS-sorted Tresp and Treg (7µg) from 1 healthy donor 
were analysed by immunoblotting using antibodies against ERα (Abcam ab32063). 
Human liver lysate (50ug) was used as a positive control and hsp90 as a loading 
control. (E) PBMC’s at a density of 1x106 per well, from 6 healthy donors, were 
rested for 12 hours in phenol red free RPMI 1640 medium  supplemented with 10% 
charcoal stripped FBS and were then cultured for 24 hours with estrogen (E2) 
(10nM) or estrogen with the LXR agonist GW3965 (1μM). Cells were then stained 
for CD4+ T cells as well as for CTB (glycosphingolipid GM1) and Filipin 
(cholesterol). The CTB:Filipin ratio was also assessed. Samples were analysed 
using Fortessa X20 flow cytometer and Flowjo software.  (F) FACS sorted CD4 T-
cells from 5 healthy donors were cultured in the exact same way with E2 and GW. 
RNA was isolated and analysed by qPCR for gene expression of UGCG (UDP-
Glucose Ceramide Glucosyltransferase) ABCA1/G1 (ATP-binding cassette 
transporter A1/G1) and IDOL (Increased Degradation of LDL Receptor Protein). 
Relative gene expression compared to cyclophilin and then to vehicle (ddct method) 
(Veh=1, represented by red dotted line). Paired t-tests (*=P<0.05, **=P<0.01, 
***=P<0.001). (G). ex vivo CD4+ T-cells from post-puberty male donors (n=6) and 
gender dysphoria (GD) donors (n=5) who had hormones blocked followed by 
treatment with estrogen. CTB and Filipin expression and the CTB:Filipin ratio were 
assessed in CD4+ T-cells. Samples were analysed using Fortessa X20 flow 
cytometer and Flowjo software. Unpaired T-test (*=P<0.05, **=P<0.01, 
***=P<0.001). Mean ± SEM. 
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Figure 3.6-4: Potential mechanism: How blood lipids influence immune cell function in healthy individuals and JSLE patients 
Based on the findings described in this report I hypothesise that in healthy adolescence, (A) estrogen signalling via estrogen receptors 
(estrogen receptor (ER)-α, ER-β, ERα36, GPR30) contribute to changes in blood lipids between males and females including the lipid content 
and size of VLDL. (B) Altered blood lipid taxonomy can influence immune cell function by changing the fat content of the plasma membrane. (C) 
Increased VLDL in males drives increased cardiovascular risk in males; (D) Changes in immune cell activation between males and females can 
contribute to altered susceptibility to a range of diseases. (E) Potential defects in sex hormone signalling in patients with JSLE lead to a loss of 
differential male/female blood fat taxonomy. (F) Blood fats in JSLE are defective and alter immune cell plasma membrane fats and immune cell 
function and increase cardiovascular risk in female JSLE patients. 
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3.7. Discussion 

Here I have described a link between lipid metabolism and the Treg phenotype that 

is different in healthy males and females and related this to an autoimmune disease 

with a sex bias. Three key observations were found. Firstly, male Tregs had an 

altered cell frequency and function including an increased suppressive capacity and 

increased IL-4 production and GATA3; this was related to differences in the 

membrane lipid rafts on the Tregs. Secondly I found striking differences in serum 

lipoprotein particle distribution between healthy males and females and a metabolic 

signature was described to distinguish young males from females. These signatures 

were related to the Treg phenotype of males and females and VLDL isolated from 

males and females induced an altered Treg phenotype. Finally, I found that sex 

differences in Treg and metabolic phenotype are lost in JSLE and this may be 

related to dysregulated estrogen signalling. 

3.7.1. Phenotypic and functional differences in male and female Tregs 

The sexual dimorphism of Treg frequency has been described previously across 

different age groups [128, 147]. My findings support this data in a cohort of young 

post-pubertal healthy individuals that show an increased frequency of Tregs in 

males. I also found an increased frequency of Tresp cells in females which may be 

due to a less efficient ability of Tregs to suppress pro-inflammatory T-cell subsets. 

Female Tresp cells had an increased proliferative capacity under stimulation; 

however this was accounted for in the analysis in order to observe the suppressive 

ability of the Tregs. I showed that male Tregs were more suppressive and 

expressed more IL-4 and GATA3 than female Tregs. Th2-like Tregs have been 

shown, through RNAseq and functional assays, to have a greater viability than other 

subsets [166] and Treg specific GATA3 knockout in mice results in spontaneous 

autoimmune disease development related to the regulation of FOXP3 by GATA3. 

These GATA3-deficient Tregs developed a pro-inflammatory Th17 phenotype [167, 

168]. In addition, I showed that Tregs correlated negatively with iNKT cells in males 

but not females, suggesting Tregs may be the dominant anti-inflammatory cell type 

in males. iNKT cells have been implicated in athero-protection during the early 

stages of plaque development [169]. In addition, it has been shown that iNKT cells 

correlate negatively with weight gain and are depleted in human obesity [170]. This 

may play a role in the increased susceptibility of males to develop cardiovascular 

disease. On the other hand, the negative correlation of Tregs with PDC’s in females 

could explain their lack of protection from SLE, where PDC’s are the key producers 

of IFNα, a dominant mediator of disease pathogenesis [171]. 
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Differences in T-cell membrane glycosphingolipids and cholesterol are known to 

influence their function by altering lipid raft structure and membrane fluidity [172, 

173]. The TCR resides in lipid rafts where it can associate with other signalling 

proteins to mount an intracellular response to antigenic activation. I showed that 

Tresp cells have increased membrane cholesterol in females. Cholesterol is 

required for cell growth and proliferation and it has been shown that ABCG1-

mediated cellular cholesterol efflux, as a result of LXR stimulation, can inhibit T-cell 

proliferation; this pathway is downregulated by T-cell activation [174]. This may also 

explain the increased Tresp frequency in females. A study has reported that 

cholesterol enrichment in CD4 T-cells results in increased proliferation and Th1 

differentiation [175]. In the same study, cholesterol enrichment in Tregs had no 

effect on function. In support of this I found that male Tregs had no difference in 

cholesterol however they did have an increase in expression of lipid raft associated 

GSL GM1 (as measured by CTB). This was validated by an increased RNA 

expression of UGCG, the rate limiting enzyme in the glycosphingolipid synthesis 

pathway [160]. Male Tregs and Tresp both had an increased GSL:cholesterol ratio 

suggesting the membrane is less ordered and more fluidic in males; this could have 

functional implications on cell signalling [176]. In support of this, GATA3 expression 

and GSL levels show a significant positive correlation in males but not in females. 

IL-4 increases GATA3 expression and Th2 differentiation in T-cells and the levels of 

GATA-3 are enhanced by concomitant TCR signalling [177]. Increased lipid rafts in 

male Tregs may therefore play a role in driving the Th2 phenotype through 

increased TCR signalling. 

3.7.2. Differences in serum lipoprotein metabolism in males and females 

It is established that clinical measures of lipoproteins differ between healthy adult 

males and pre-menopausal females where males are at an increased risk of 

developing cardiovascular disease [121-123]. Despite this, in depth metabolomics 

regarding lipoprotein particle size and composition has not been directly compared 

between young adult males and females; the information reported here may 

therefore help further studies to understand why and whether males or females are 

more susceptible to certain diseases from a young age. VLDL subsets and lipid 

content were greatly increased in young males and HDL increased in females. In 

addition, polyunsaturated fats such as omega fatty acids, DHA and LA were more 

associated with females while saturated and monounsaturated fatty acids were 

associated with males. It has been previously reported that DHA is lower in males 

than females, thus supporting these findings [178]. This provides evidence that even 
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soon after puberty, males and females could already be segregated by metabolic 

signatures regarding their risk of developing cardiovascular diseases. These sex 

specific differences were validated by my ability to cluster 2 metabolic groups that 

could predict sex with over 75% probability using these signatures alone. 

This work suggests that healthy males may need to consider their choice of healthy 

diet, more so than females. A diet intervention trial where healthy males and 

females followed a diet rich in polyunsaturated fat resulted in a decrease in 

circulating levels of saturated fat, IDL and LDL in both males and females whereas 

the monounsaturated fat levels decreased in males only [179]. This highlights an 

opportunity in sex biased autoimmune diseases to consider changes in metabolism 

and diet intervention. It has also been shown that the combined oral contraceptive 

pill (COCP) (combination of an estrogen (ethinylestradiol) and 

a progestogen (progestin)) increases circulating triglycerides and HDL cholesterol 

whereas the progestin only oral contraception has little effect on lipids [180]. In the 

same study the COCP also decreased polyunsaturated fats, together suggesting a 

complex role of hormones in altering lipid metabolism. This data supports a role of 

estrogen in driving the HDL signature in females; total HDL and HDL composition 

(phospholipid, cholesterol and triglyceride content) were increased in males and 

were lost in females undergoing gender dysphoria (GD) respectively. Interestingly 

no difference was seen in VLDL, IDL or LDL suggesting HDL levels may be more 

sensitive to estrogen fluctuations. Regarding lipids and GD, it is difficult to find 

information on large cohorts; however, a few small studies have shown contradictory 

observations. One study showed that transgender males develop increased TGs, 

total cholesterol and LDL-cholesterol as well as decreased HDL-cholesterol. 

Transgender females in the same study developed decreased total cholesterol and 

LDL-cholesterol [181]. Another report also identified a decrease in HDL levels in 

transgender males but found no difference in the lipid profile of transgender females 

[182]. I identified no lipid metabolites associated with either males or females pre-

puberty, again supporting a role for hormones in driving lipoprotein metabolism and 

atherosclerotic risk. Finally, a study in mice carried out by Torre et al. has shown 

that during high estrogen periods of the menstrual cycle there is an increased efflux 

of more efficient, atheroprotective HDL from liver hepatocytes. This is due to the 

increased co-regulated transcriptional activity of LXR’s by ERα [124]. The hormonal 

influences we see here may be driven by the same mechanism.  
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3.7.3. Lipoproteins and Treg phenotype in males and females 

Relative to Tresp cells, Tregs rely more heavily on lipids for their function via beta-

oxidation [162]. Previous work has identified an increased frequency of Tregs in 

individuals with dyslipidaemia; a positive correlation between Treg frequency and 

ApoB, LDL cholesterol and total cholesterol was identified [163]. In contrast, Treg 

frequency has been shown to be increased in HDL-treated mice and a positive 

correlation between Treg frequency and HDL-cholesterol has been reported in statin 

treated adults [164]. In addition, this study showed that ABCG1 (implicated in 

cholesterol efflux) expression in human peripheral blood Tregs correlated with an 

increased frequency of these cells; it was concluded that accumulation of 

cholesterol can alter T-cell homeostasis in relation to atherosclerosis. Another study 

identified that depletion of Tregs in atherosclerosis-prone, low-density lipoprotein 

receptor-deficient (Ldlr-/-) mice resulted in a 2.1-fold increase in atherosclerosis with 

no increase in vascular inflammation [183]. This study also observed a 1.7-fold 

increase in plasma cholesterol and an atherogenic lipoprotein profile with increased 

levels of VLDL due to lack of clearance. Analysis of the liver revealed an altered 

expression of lipid mediator enzymes. This demonstrates that Tregs may elicit the 

capability to alter lipoprotein metabolism and atherosclerosis. This may play a 

significant role in the development of atherosclerosis in females, despite hormonal 

protection, due to their lack of Tregs compared to males.  

Using functional Treg subsets defined by Miyara et.al and Cuadrado et.al [165, 184], 

I identified a relationship between Treg function and the VLDL dominant male 

signature; this was not found with the female dominant HDL signature. Activated 

(proliferative and suppressive) Tregs correlated positively with VLDL in males but 

not females. This may explain the disparity of Treg frequency between males and 

females. VLDL in females correlated positively with resting (non-proliferating and 

suppressive) Tregs, a subset that correlated negatively in males. This suggested the 

composition of VLDL may alter the function of Tregs between males and females, 

likely due to altered lipid uptake. In support of this I found an increased proportion of 

cholesterol, cholesterol esters and phospholipids in female VLDL and increased 

triglycerides and free cholesterol in male VLDL. A relationship between VLDL 

composition and Treg function was identified here with male VLDL increasing GSL 

membrane content and IL-4 production to a greater extent than female lipoproteins. 

Female VLDL also induced greater proliferation in the CD4 T-cells. This may be due 

to a combination of altered Treg suppressive function and VLDL increasing the 

cholesterol content and thus proliferation of the T-cells as discussed previously 
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[175]. In contrast to what I found in the Tregs, VLDL has been shown previously to 

reduce IL-4 and increase IL-2 in human T-lymphocytes following 48hr culture in-vitro 

[185]. This disparity may be due to the VLDL compositional differences exploited in 

my study compared to the VLDL isolated in this study as sex was not considered 

here.   

3.7.4. Immune and metabolic sex differences are lost in JSLE 

Male SLE patients tend to have worse disease outcomes than females but the 

reason is unknown [186, 187]. Non-clinical studies investigating sex differences in 

SLE are lacking due to the limited access to male samples. Here I had a rare 

opportunity to investigate Treg phenotype and serum metabolome in a young age 

matched JSLE cohort. No significant difference in treatment was found between 

males and females in the cohort. Most studies have found a reduction in Treg 

frequency in SLE, with an improvement after treatment [188]. Here I found that sex 

differences in Treg frequency, IL-4 and GSL membrane expression were lost in 

SLE, however this was due to an increase in female Tregs only; these changes may 

be developed to increase the function of Tregs in the systemic pro-inflammatory 

environment. Strikingly all of the differences found in serum lipids between healthy 

males and females were lost in JSLE and this may drive these changes in Tregs. 

Males with SLE have increased cardiorespiratory and cardiovascular complications 

and related morbidities [186, 187]. Perhaps although metabolic sex differences are 

lost in JSLE there is a greater risk of cardiovascular disease in males due to plaque 

development prior to disease onset (at baseline) which can then develop to a 

greater extent than females. Different patterns were seen between healthy males 

and females and JSLE males and females respectively in VLDL composition 

depending on their size. Interestingly in both males and females an increase in 

VLDL cholesterol and CE was seen suggesting cholesterol may be the most 

deleterious lipid transported by VLDL. Importantly I found no difference in the lipid 

metabolome of patients in this cohort with regards to steroid treatment despite 

evidence that steroid use can alter plasma lipid levels [189, 190]. Together this work 

adds complexity to the study of JSLE pathogenesis but highlights the importance of 

considering sex in autoimmune and metabolic research. 

3.7.5. Preliminary mechanistic and therapeutic prospects 

This work suggests that hormone replacement therapy (HRT) could be a beneficial 

in female patients with JSLE to improve their lipid profile by increasing HDL. This 

has caused a lot of controversy in the past as there is a widely held view that 
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exogenous estrogen could induce disease symptoms and cause flares. Evidence 

surrounding this however remains elusive and further investigation is required [191]. 

In vitro culture with the synthetic LXR agonist, GW3965, combined with E2 revealed 

a possible mechanism through which E2 can modulate cellular lipid metabolism. 

This supported the mechanism mentioned previously from the mouse study carried 

out by Torre et al. showing that estrogen promotes LXR mediated HDL efflux from 

hepatocytes in vivo [124]. GD males also showed alterations in CD4 T-cell lipid 

metabolism again supporting the role of estrogen in cellular lipid metabolism. 

Investigating individuals undertaking GD will be a promising avenue for the future of 

this research as this gives a physiological setting for the investigation of hormonal 

influences on metabolism. 

Despite these observations, I found no difference in estrogen levels between healthy 

and JSLE females. I did however identify a reduced expression of ERα in Tregs 

from JSLE patients that was not seen in Tresp cells. This may therefore influence 

the performance of HRT on specific cell types regarding the correction of lipid 

metabolism in JSLE. In support of this, although no differences were seen in ERα, a 

recent study showed that decreased ERβ expression in SLE correlates with 

increased disease activity [31]. Several genetic studies have also identified a role of 

ERs in SLE. A study in lupus prone mouse models has provided evidence for a role 

of ERα, but not ERβ, in the development of the disease. Here they used ERα or 

ERβ null genotypes to investigate the impact of signalling on SLE [192]. Several 

studies have identified ER polymorphisms related to SLE, one of which highlighted 

that the genotype of ERα codon 594 may influence JSLE development and the 

clinical pattern of disease symptoms [193]. In addition, another study showed ERα 

intron 1 PvuII and XbaI polymorphisms result in a milder disease including less 

organ damage in early onset disease [194]. Furthermore, a PpXx genotype of the 

ERα gene has been associated with an increased susceptibility of SLE in males but 

not females [195]. Finally, patients with ERα PpXx and Ppxx genotypes have been 

shown to have an increased Th2 phenotype (increased IL-4) suggesting ERα gene 

polymorphisms can influence the T-cell phenotype [196]. ER Polymorphisms may 

therefore play a key role JSLE and could influence the performance of HRT. Further 

genetic studies are required including studies to identify possible ER polymorphisms 

in JSLE patients. ER Polymorphisms may therefore play a key role JSLE and could 

influence the performance of HRT.  
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In summary, here I have identified a novel link between lipoprotein metabolism and 

Treg function in males and females. Males have a more pro-atherogenic 

metabolome and this influences Tregs to display a differential phenotype to females; 

this could help to explain differences autoimmune susceptibility. In JSLE, these 

differences in Treg phenotype and serum metabolic profile are lost. This may be 

associated with altered estrogen receptor expression and signalling although further 

investigation is required to dissect the precise mechanisms. 
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Chapter IV: 
Results 2 
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4. Results 2 – Blood lipids in juvenile-onset SLE: an 

opportunity for stratified patient therapy 

4.1. Introduction and aims for this chapter 

Atherosclerosis is a serious complication of adult systemic lupus erythematosus 

(SLE) and current research indicates that accelerated atherogenic progression is 

also observed in juvenile-onset patients (JSLE) [16, 69].  Increasingly it is 

recognised that T-cells and B-cells contribute to the initiation and perpetuation of 

both SLE and atherosclerosis [70], yet very little is known about the pathogenesis of 

these conditions in the developing immune system. This dearth of knowledge is 

especially true during puberty which is pertinent given that the median age of onset 

of JSLE is during this period [8]. It is possible that a combination of pubertal 

development, immune cell defects and dyslipidaemia may drive pathogenesis in this 

younger group of patients towards a more clinically severe disease phenotype. 

Work by the Jury lab has shown that immune cell signalling from lipid rafts is altered 

in adult-onset SLE [117]. I therefore hypothesised that lipid rafts are altered in JSLE 

and this may be related to blood lipids, atherosclerotic risk and disease clinical 

presentation. Therefore the aim of this chapter was to:  

 Explore the cellular metabolic phenotype of JSLE patients 

 Analyse the metabolome of JSLE patient serum to indicate metabolites driving 

the JSLE phenotype 

 Explore how this relates to the clinical outcome of patients 
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4.2. T-cell and B-cell lipid rafts are increased in JSLE 

patients with high disease activity 

Peripheral blood (PB) CD4 and CD8 T-cells, CD19 B-cells and CD14 monocytes 

were examined for lipid raft expression (using CTB, a fluorescent marker used to 

identify lipid rafts through GSL (GM1) binding) in young JSLE patients and matched 

healthy controls. All of these cells have been implicated in the pathogenesis of 

JSLE. There was no statistical significant difference in age, sex, ethnicity or 

treatment between patients with high and low disease activity (categorised by 

SLEDAI score) as well as between healthy controls and JSLE patients (Table 2.1-1). 

It is known that immune cell function is associated with the plasma membrane lipid 

profile including cholesterol and GSL (lipid rafts) [113, 114, 117, 158]. Lipid raft 

expression on CD4 and CD8 T-cells and B-cells from patients with JSLE compared 

to HCs was significantly increased in patients with high disease activity compared to 

those with low disease activity and healthy controls (Figure 4.2-1 A-B). No 

significant differences were found between patients with low disease activity and 

healthy controls. Conversely, lipid raft expression in monocytes trended towards 

reduced expression which was significant in patients with low activity patients 

compared to HC’s. 

ROC curve analysis of this data showed that lipid raft measurement was an 

excellent predictor of high disease activity compered to healthy control levels, with 

expression in CD4 and CD8 T-cells and B-cells giving an area under the curve of 

greater than 0.9 (Figure 4.2-1 C). Monocyte lipid raft expression could not be used 

to predict high or low disease activity.  

Lipid raft expression on T-cells and B-cells correlated positively with SLEDAI score, 

dsDNA and erythrocyte sedimentation rate (ESR) and negatively with complement 

protein C3 (Figure 4.2-1 D). Monocytes lipid rafts showed no significant correlation 

with clinical measures of disease activity. Thus, JSLE patients with increased T-cell 

and B-cell lipid rafts have increased disease severity; lipid raft signalling is 

summarised in Figure 1.4-1. 
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Figure 4.2-1: Lipid rafts (CTB) are increased in high activity JSLE patients in T- 
and B-cells 
(A) Representative histograms and (B) cumulative data showing MFI values of CD4, 
8 T-cell, CD19 B-cell and CD14 monocyte CTB (lipid raft) expression in high activity 
(SLEDAI≥5) (n=7) (Red) low activity (SLEDAI<6) (n=28) (Green) and healthy 
controls (n=39) (Black). PBMCs were stained with fluorochrome-labelled antibodies 
(CD4, CD8, CD19 & CD14) as well as CTB to detect glycosphingolipid expression in 
immune cell subsets. Samples were analysed using Fortessa X20 flow cytometer 
and Flowjo software. Mean, t-test (*=P<0.05, **=P<0.01, ***=P<0.001, 
****=P<0.0001. (C) ROC curve analysis of CTB expression in high activity (n=7) or 
low activity (n=28) compared to healthy controls (n=39). Area under curve is 
displayed under each curve (CD4: High, p=0.0003, Low, p=0.05826, CD8: High, 
p=0.0008, Low, p=0.09847, CD19: High, p=0.0037, Low, p=0.4766, CD14: High, 
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p=0.0956, Low, p=0.0035,). (D) Volcano plot showing the correlation of CD4, 8 T-
cell, CD19 B-cell and CD14 monocyte CTB (lipid raft) expression with clinical 
measures of disease in JSLE patients (n=35). Log10 p values are displayed. Red 
line=adjusted p value following 10% false discovery rate adjustment for multiple 
comparisons. Coloured points represent different cell types. SLE Disease Activity 
Index (SLEDAI), erythrocyte sedimentation rate (ESR), anti-double stranded DNA 
(dsDNA).  
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4.3. Lipoprotein metabolism is altered in JSLE and this is 

associated with lipid rafts 

4.3.1. Lipoprotein metabolism is altered in high disease activity patients 

Changes in immune cell lipid rafts could be associated with wider alterations in lipid 

metabolism; therefore I investigated the serum lipid profile of JSLE patients and 

HCs. The standard clinical serum lipid tests for cholesterol, TG, HDL and LDL did 

not identify many patients outside the normal ranges for these analytes; 20%, 14%, 

10% and 13% of JSLE patients respectively had abnormal levels (Figure 4.3-1 A). In 

support of this, in depth metabolomic analysis by NMR spectroscopy (220 

biomarkers performed by Nightingale Metabolomics) revealed no significant 

differences in lipid metabolism following 10% false discovery rate (FDR) correction 

between healthy controls and JSLE patients (data not shown). This analysis takes 

into account lipoprotein size, diameter and composition (see page 71). However, 

HDL particles and lipid content were reduced in HCs with the exception of HDL-TG, 

which was increased in JSLE. In addition, a reduction in glutamine (Gln), citrate 

(Cit), pyruvate (Pyr) and increase in acetate (Ace) and acetoacetate (AceAce) was 

found in JSLE patients compared to healthy controls. The differences in Gln, Cit, 

Ace and AceAce were sustained when HCs were compared to JSLE patients with 

low disease activity (measured by SLEDAI score); however, the differences in HDL 

were lost (Figure 4.3-1 C-left). When HCs were compared to JSLE patients with high 

disease activity, a substantial number of lipid metabolism biomarkers were 

significantly different following FDR correction (Figure 4.3-1 C-right).  

These measures revealed a relationship between lipoproteins and disease activity. I 

therefore compared JSLE patients with low and high disease activity (Figure 4.3-1 

D); serum metabolites were also correlated against disease activity (Figure 4.3-1 E, 

Table 4.3-1). In both cases, VLDL particle subtypes, ApoB, free cholesterol and 

triglycerides were significantly associated with high disease activity and HDL particle 

subtypes and ApoA1 were associated with low activity in JSLE patients. VLDL-

cholesterol (C), cholesterol ester (CE), free cholesterol (FC), phospholipid (PL) and 

triglyceride (TG) lipid content was increased and HDL-C, CE FC, and PL lipid 

content was decreased in high activity patients; HDL-TG content was increased. I 

also found an increase in SFA and MUFA in high activity patients but reduced 

PUFA. Finally, albumin was decreased in high activity patients (Figure 4.3-1 C-E). 

To assess whether metabolomic measurements were stable, JSLE patients were 

assessed longitudinally. Patients with prior low disease activity that went on to flare 
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had increased ApoB, VLDL, IDL and LDL as well as increased free cholesterol 

supporting a role of lipoproteins in disease activity (Figure 4.3-1 F, Table 4.3-2). 

Liver damage has been implicated in altered lipoprotein metabolism and albumin, a 

measure of liver function, correlated with disease activity (Figure 4.3-1 C-E). Hence I 

explored clinical measures of liver function in the JSLE cohort. Patients with high 

disease activity had decreased albumin and increased alanine transaminase (ALT), 

suggesting altered liver function (Figure 4.3-1 G). Despite this difference, albumin 

levels were within the normal ranges for these patients (35-50g/L) however the high 

activity patients had much higher levels of ALT compared to the normal ranges (1-

50 U/L). 
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Figure 4.3-1: Lipoprotein metabolism is altered in JSLE 
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(A) Clinical measures of serum lipids (Chol=Cholesterol, TG=Triglycerides, 
HDL=High density lipoproteins, LDL=Low density lipoproteins) collected from 70 
JSLE patients in mmol/L. Red vertical red lines represent NHS defined healthy 
ranges for each measure. Red boxes and percentages show the patients outside of 
the healthy ranges for each clinical measure. In depth metabolomic screening 
(nightingale metabolomics) of HC (n=32) and JSLE patient (n=33) serum. Volcano 
plot showing (B) the fold change of JSLE patients (n=35) compared to HCs (n=39), 
(C) the fold change of low (left) (n=28) or high (right) (n=7) disease activity JSLE 
patients compared to HCs (n=39), (D) the fold change of high disease activity JSLE 
patients (n=7) compared to low activity (n=28), (E) the correlation (r-value) of patient 
disease activity (n=35) and (F) the fold change of JSLE patients undergoing a flare 
(n=5) compared to pre-flare (n=5) of metabolomic marker measurements from 
Nightingale Metabolomics. Disease activity measured by SLEDAI score. Log10 p 
values are displayed. Blue lines=0.05 p-value. Red lines=adjusted p value threshold 
following 10% false discovery rate adjustment for multiple comparisons. Coloured 
dots represent different metabolomic groups.  Abbreviations: Apo (apolipoprotein), 
FreeC (free cholesterol), VLDL (very low density lipoprotein), IDL (intermediate 
density lipoprotein, SFA (saturated fatty acid), MUFA (monounsaturated fatty acid), 
PUFA (polyunsaturated fatty acid). (G) Clinical liver function measurements in high 
disease activity (n=7) compared to low activity (n=28) JSLE patients. Mean, t-test 
**p=<0.001, *p=0.04. 
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Metabolite R (pearson) P 
XXL-VLDL-Particles 0.4019 0.0204 
XXL-VLDL-Total lipids 0.4032 0.02 
XXL-VLDL-Phospholipids 0.3734 0.0323 
XXL-VLDL-Cholesterol 0.4375 0.0109 
XXL-VLDL- Cholesterol esters 0.4753 0.0052 
XXL-VLDL-Free cholesterol 0.3842 0.0273 
XXL-VLDL-Triglycerides 0.3969 0.0222 
XL-VLDL- Particles 0.3997 0.0212 
XL-VLDL- Total lipids 0.4018 0.0204 
XL-VLDL- Phospholipids 0.4029 0.0201 
XL-VLDL- Cholesterol 0.4248 0.0137 
XL-VLDL- Cholesterol esters 0.4398 0.0104 
XL-VLDL- Free cholesterol 0.4038 0.0198 
XL-VLDL- Triglycerides 0.3939 0.0233 
L-VLDL- Particles 0.4115 0.0174 
L-VLDL- Total lipids 0.4124 0.0171 
L-VLDL- Phospholipids 0.4206 0.0148 
L-VLDL- Cholesterol 0.4252 0.0136 
L-VLDL- Cholesterol esters 0.4412 0.0102 
L-VLDL- Free cholesterol 0.4059 0.0191 
L-VLDL- Triglycerides 0.405 0.0194 
M-VLDL- Particles 0.4321 0.012 
M-VLDL- Total lipids 0.434 0.0116 
M-VLDL- Phospholipids 0.438 0.0108 
M-VLDL- Cholesterol 0.455 0.0078 
M-VLDL- Cholesterol esters 0.4706 0.0057 
M-VLDL- Free cholesterol 0.4336 0.0117 
M-VLDL- Triglycerides 0.4206 0.0148 
S-VLDL- Particles 0.4549 0.0078 
S-VLDL- Total lipids 0.4569 0.0075 
S-VLDL- Phospholipids 0.4336 0.0117 
S-VLDL- Cholesterol 0.4593 0.0072 
S-VLDL- Cholesterol esters 0.435 0.0114 
S-VLDL- Free cholesterol 0.4522 0.0082 
S-VLDL- Triglycerides 0.4433 0.0098 
XS-VLDL- Particles 0.4871 0.004 
XS-VLDL- Total lipids 0.4716 0.0056 
XS-VLDL- Phospholipids 0.4201 0.0149 
XS-VLDL- Cholesterol 0.3634 0.0377 
XS-VLDL- Free cholesterol 0.4274 0.0131 
XS-VLDL- Triglycerides 0.4983 0.0032 
VLDL-Cholesterol 0.4779 0.0049 
Remnant-Cholesterol 0.4486 0.0088 
VLDL- Triglycerides 0.4266 0.0133 
IDL- Triglycerides 0.5448 0.001 
L-LDL- Triglycerides 0.5145 0.0022 
M-LDL- Triglycerides 0.4908 0.0037 
LDL- Triglycerides 0.5045 0.0028 
L-HDL- Particles -0.3743 0.0319 
L-HDL- Total lipids -0.3715 0.0333 
L-HDL- Phospholipids -0.4011 0.0207 
L-HDL- Cholesterol -0.3448 0.0494 
L-HDL- Cholesterol esters -0.3534 0.0436 
M-HDL- Particles -0.6005 0.0002 
M-HDL- Total lipids -0.6008 0.0002 
M-HDL- Phospholipids -0.5891 0.0003 
M-HDL- Cholesterol -0.6058 0.0002 
M-HDL- Cholesterol esters -0.61 0.0002 
M-HDL-Free cholesterol -0.5834 0.0004 
M-HDL- Triglycerides -0.3686 0.0348 
S-HDL- Particles -0.4912 0.0037 
S-HDL- Total lipids -0.5095 0.0025 
S-HDL- Phospholipids -0.5077 0.0026 
S-HDL- Cholesterol -0.3799 0.0292 
S-HDL-Free cholesterol -0.4854 0.0042 
HDL- Cholesterol -0.4669 0.0062 
HDL2- Cholesterol -0.4549 0.0078 
HDL- Triglycerides 0.3456 0.0488 
Apolipoprotein A1 -0.4158 0.0161 
Apolipoprotein B 0.4546 0.0079 
Apolipoprotein B/Apolipoprotein A1 0.5418 0.0011 
Serum- Triglycerides 0.4432 0.0098 
Total fatty acids 0.3658 0.0363 
Monounsaturated fatty acids 0.3873 0.0259 
Saturated fatty acids 0.3907 0.0246 
22:6 docosahexaenoic acid -0.3485 0.0469 
Albumin -0.3984 0.0217 

Table 4.3-1: List of metabolites (Nightingale) that significantly correlate with 
disease activity (SLEDAI) scores in JSLE 
Key: brown (VLDL), green (HDL), grey (apolipoproteins), pink (fatty acids, %FA), 
yellow (other lipids), purple (amino acids), blue (glycolysis), black (other). 
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Metabolite  Pre-flare, Mean [mmol/L] (range) Flare, Mean [mmol/L] (range) P value 

S-VLDL-Cholesterol 1.33E-01 (3.83E-2 - 2.57E-01) 2.43E-01 (1.10E-01 - 4.07E-01) 0.0431 

S-VLDL- Cholesterol esters 7.53E-02 (7.81E-03 - 1.52E-01) 1.39E-01 (7.27E-02 - 2.22E-01) 0.025 

XS-VLDL-Phospholipids 2.69E-08 (1.43E-08 - 4.52E-08) 3.94E-08 (2.49E-08 - 6.40E-08) 0.0251 

XS-VLDL-Total lipids 3.34E-01 (1.65E-01 - 5.70E-01) 4.82E-01 (3.06E-01 - 7.79E-01) 0.018 

XS-VLDL- Phospholipids 9.76E-02 (3.57E-02 - 1.65E-01) 1.35E-01 (8.34E-02 - 2.10E-01) 0.0053 

XS-VLDL- Cholesterol 1.49E-01 (5.80E-02 - 2.69E-01) 2.04E-01 (1.23E-01 - 3.18E-01) 0.0055 

XS-VLDL- Cholesterol esters 9.94E-02 (4.40E-02 - 1.75E-01) 1.36E-01 (8.02E-02 - 2.05E-01) 0.0049 

XS-VLDL- Free cholesterol 4.94E-02 (1.40E-02 - 9.44E-02) 6.82E-02 (4.30E-02 - 1.14E-01) 0.0146 

RemNAnt- Cholesterol 8.68E-01 (2.99E-01 - 1.48) 1.40 (8.84E-01 - 2.22) 0.0287 

IDL- Particles 7.16E-08 (2.82E-08 - 1.11E-07) 9.18E-08 (4.66E-08 - 1.34E-07) 0.0049 

IDL- Total lipids 7.16E-01 (2.56E-01 - 1.11) 9.08E-01 (4.01E-01 - 1.37) 0.0094 

IDL- Phospholipids 2.02E-01 (8.77E-02 - 3.01E-01) 2.43E-01 (9.57E-02 - 3.73E-01) 0.0438 

IDL- Cholesterol 4.24E-01 (9.10E-02 - 6.72-01) 5.34E-01 (1.43E-01 - 8.66E-01) 0.0348 

IDL- Cholesterol esters 3.00E-01 (6.16E-01 - 4.79E-01) 3.90E-01 (1.35E-01 - 6.16E-01) 0.0139 

L-LDL-Particles 1.10E-07 (0 - 1.87E-07) 1.50E-07 (5.49E-08 - 2.26E-07) 0.0052 

L-LDL- Total lipids 7.84E-01 (0 - 1.32) 1.05 (3.37E-01 - 1.62) 0.0053 

L-LDL- Phospholipids  2.06E-01 (0 - 3.29E-01) 2.70E-01 (1.21E-01 - 3.91E-01) 0.0216 

L-LDL- Cholesterol 5.15E-01 (0 - 8.74E-01) 6.80E-01 (1.03E-01 - 1.12) 0.0184 

L-LDL- Cholesterol esters 3.61E-01 (0 - 6.29E-01) 4.91E-01 (7.35E-02 - 8.07E-01) 0.0145 

L-LDL-Free cholesterol 1.54E-01 (0 - 2.45E-01) 1.89E-01 (2.91E-02 - 3.09E-01) 0.0487 

M-LDL- Particles 8.98E-08 (0 - 1.58E-07) 1.16E-07 (0 - 1.87E-07) 0.0169 

M-LDL- Total lipids 4.59E-01 (0 - 8.03E-01) 4.59E-01 (0 - 8.03E-01) 0.0196 

M-LDL- Phospholipids 1.29E-01 (0 - 2.15E-01) 1.56E-01 (0 - 2.50E-01) 0.0143 

M-LDL- Cholesterol 2.98E-01 (0 - 5.30E-01) 3.91E-01 (0 - 6.59E-01) 0.0354 

M-LDL-Cholesterol esters 2.05E-01 (0 - 3.77E-01) 2.83E-01 (0 - 4.92E-01) 0.0315 

S-LDL- Particles 1.07E-07 (0 - 1.90E-07) 1.35E-07 (0 - 2.23E-07) 0.0176 

S-LDL- Total lipids 3.02E-01 (0 - 5.34E-01) 3.78E-01 (0 - 6.15E-01) 0.0202 

S-LDL- Phospholipids 9.72E-02 (0 - 1.63E-01) 1.12E-01 (0 - 1.80E-01) 0.0138 

S-LDL- Cholesterol 1.85E-01 (0 - 3.33E-01) 2.38E-01 (0 - 4.01E-01) 0.0391 

S-LDL- Cholesterol esters 1.28E-01 (0 - 2.34E-01) 1.73E-01 (0 - 3.01E-01) 0.0323 

LDL- Cholesterol 1.01 (8.16E-01 - 1.74) 1.32 (1.48E-01 - 2.18) 0.0371 

Apolipoprotein B 6.43E-01 (3.40E-01 - 9.21E-01) 9.22E-01 (6.63E-01 - 1.37) 0.0394 

Free cholesterol 1.06 (7.77E-01 - 1.36) 1.14 (6.95E-01 - 1.55) 0.0359 

Lactate 2.15 (9.91E-01 - 2.73) 1.68 (1.07 - 1.93) 0.0428 

Acetate 5.24E-02 (3.32E-02 - 8.33E-02) 3.77E-02 (2.60E-02 - 5.45E-02) 0.0391 

Table 4.3-2: Metabolites (Nightingale) significantly associated with a disease 
flare in JSLE 
Key: brown (VLDL), orange (IDL), red (LDL) grey (apolipoproteins), yellow (other 
lipids), blue (glycolysis), black (other). 
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4.3.2. Lipoproteins correlate with immune cell lipid raft expression in JSLE 

Since circulating lipids can influence peripheral cell lipid uptake/efflux [161] I 

assessed the relationship between lipoproteins and lipid rafts on T-cells, B-cells and 

monocytes (Figure 4.3-2 A, Table 4.3-3). VLDL, IDL and LDL positively correlated 

with lipid rafts in T-cells and B-cells and HDL and ApoA1 correlated negatively. A 

significant positive correlation with ApoB was only seen in B-cells. Monocyte lipid 

rafts did not correlate with serum lipids. 

I next correlated lipid raft associated serum lipids: sphingomyelin (SM), cholesterol, 

phosphoglycerides (PG), phosphatidylcholine (PC) and other cholines [197] with 

VLDL, LDL, IDL and HDL particles and apolipoproteins; this is displayed as a 

heatmap (Figure 4.3-2 B). Separation of VLDL, LDL/IDL and HDL particles was 

achieved through hierarchical clustering to aid data interpretation. Cholesterol, PG 

and PC were positively correlated with HDL in low disease activity but negatively in 

high disease activity. No differences were found regarding VLDL, LDL or IDL 

correlations between low and high disease activity patients (Figure 4.3-2 B); positive 

correlations were identified in both. Finally, clinical markers associated with 

worsened liver function (albumin and ALT) correlated positively with lipid rafts 

(Figure 4.3-2 C). 

Thus, increased VLDL and decreased HDL were associated with high disease 

activity in JSLE patients and may play a role in altered lipid raft expression. This 

model is summarised in Figure 4.3-3. The altered lipoprotein levels in the blood may 

be due to abnormal liver function and immune cell lipid efflux in high disease activity 

JSLE patients.   
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Figure 4.3-2: Lipoprotein metabolism is associated with lipid rafts in JSLE 
In depth metabolomic screening (nightingale metabolomics) of JSLE patient serum 
and PBMC subset lipid raft expression (CTB) (n=33). (A) Volcano plot showing the 
correlation (r-value) of CD4, 8 T-cell, CD19 B-cell and CD14 monocyte CTB (lipid 
raft) expression with metabolomic marker measurements from Nightingale 
metabolomics in JSLE patients (n=35). Log10 p values are displayed. Red 
line=adjusted p value following 10% false discovery rate adjustment for multiple 
comparisons. Coloured dots represent different metabolomic groups. (B) Heat map 
displaying correlation (r values) of lipoprotein particles (VLDL, IDL, LDL and HDL) 
including apolipoproteins (ApoB and ApoA1) with serum lipids associated with lipid 
rafts: SM (sphingomyelin), TotCho (total cholesterol), TotPG (total 
phosphoglycerides) and PC (phosphatidylcholine and other cholines). Correlation 
maps were clustered on high disease activity (bottom) and then the low activity map 
(top) was rearranged to match for comparison. (C) Volcano plot showing the 
correlation of CD4, 8 T-cell, CD19 B-cell and CD14 monocyte CTB (lipid raft) 
expression with liver function tests, albumin (ALB, grey dots) and alanine 
transaminase (ALT, black dots), in JSLE patients (n=35). Log10 p values are 
displayed. Red line=adjusted p value following 10% false discovery rate adjustment 
for multiple comparisons.  
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 CD4 CD8 CD19 CD14 
Metabolite R (pearson) P R (pearson) P R (pearson) P R (pearson) P 
XXL-VLDL-P 0.1771 0.3242 0.215 0.2294 0.1406 0.4429 -0.07913 0.6616 
XXL-VLDL-L 0.1803 0.3155 0.2184 0.2221 0.1413 0.4406 -0.07786 0.6667 
XXL-VLDL-PL 0.1461 0.4173 0.1864 0.2989 0.08682 0.6366 -0.06092 0.7363 
XXL-VLDL-C 0.239 0.1804 0.2737 0.1232 0.2004 0.2715 -0.07669 0.6714 
XXL-VLDL-CE 0.2811 0.113 0.31 0.0791 0.2729 0.1308 -0.09941 0.582 
XXL-VLDL-FC 0.1808 0.3139 0.2228 0.2127 0.1039 0.5714 -0.04747 0.7931 
XXL-VLDL-TG 0.1683 0.3492 0.2067 0.2483 0.1347 0.4625 -0.08074 0.6551 
XL-VLDL-P 0.1941 0.2791 0.2446 0.1701 0.1292 0.4811 -0.05941 0.7426 
XL-VLDL-L 0.1959 0.2747 0.2457 0.1682 0.1319 0.4716 -0.06038 0.7385 
XL-VLDL-PL 0.1958 0.2748 0.241 0.1767 0.131 0.4749 -0.05499 0.7612 
XL-VLDL-C 0.2187 0.2214 0.2614 0.1417 0.1709 0.3497 -0.07193 0.6908 
XL-VLDL-CE 0.2322 0.1936 0.2751 0.1213 0.1977 0.2781 -0.08557 0.6359 
XL-VLDL-FC 0.2003 0.2638 0.2425 0.1738 0.136 0.4581 -0.05406 0.7651 
XL-VLDL-TG 0.1884 0.2937 0.2413 0.1762 0.12 0.5131 -0.05784 0.7492 
L-VLDL-P 0.2171 0.2249 0.2714 0.1265 0.1734 0.3427 -0.05443 0.7635 
L-VLDL-L 0.2182 0.2225 0.272 0.1257 0.1747 0.3389 -0.05432 0.764 
L-VLDL-PL 0.2268 0.2044 0.2789 0.116 0.186 0.308 -0.05167 0.7752 
L-VLDL-C 0.2317 0.1945 0.2802 0.1143 0.1985 0.2762 -0.0613 0.7347 
L-VLDL-CE 0.2532 0.1552 0.2997 0.0902 0.2445 0.1775 -0.07116 0.6939 
L-VLDL-FC 0.2063 0.2494 0.2565 0.1496 0.1456 0.4265 -0.05115 0.7774 
L-VLDL-TG 0.2104 0.2399 0.2666 0.1337 0.1617 0.3766 -0.05273 0.7707 
M-VLDL-P 0.237 0.1842 0.2895 0.1022 0.2216 0.2228 -0.04505 0.8034 
M-VLDL-L 0.2409 0.1769 0.2925 0.0986 0.2274 0.2108 -0.04534 0.8022 
M-VLDL-PL 0.2478 0.1644 0.2985 0.0915 0.2393 0.1871 -0.04092 0.8211 
M-VLDL-C 0.2861 0.1064 0.3273 0.063 0.2955 0.1005 -0.04687 0.7956 

M-VLDL-CE 0.324 0.0658 0.3556 0.0422 0.3554 0.0459 -0.05451 0.7632 
M-VLDL-FC 0.2448 0.1698 0.2949 0.0957 0.227 0.2116 -0.03872 0.8306 
M-VLDL-TG 0.2166 0.226 0.273 0.1243 0.1891 0.2998 -0.04527 0.8025 
S-VLDL-P 0.2945 0.0961 0.3323 0.0588 0.304 0.0907 -0.02193 0.9036 
S-VLDL-L 0.3008 0.089 0.3364 0.0556 0.3148 0.0793 -0.02246 0.9012 
S-VLDL-PL 0.2848 0.1081 0.3183 0.071 0.2845 0.1146 -0.0163 0.9283 

S-VLDL-C 0.3587 0.0404 0.3741 0.032 0.4176 0.0174 -0.02188 0.9038 
S-VLDL-CE 0.3832 0.0277 0.384 0.0274 0.4694 0.0067 -0.0225 0.9011 
S-VLDL-FC 0.2969 0.0933 0.3302 0.0606 0.3096 0.0847 -0.01773 0.922 
S-VLDL-TG 0.2617 0.1413 0.3081 0.0811 0.2455 0.1756 -0.0226 0.9007 

XS-VLDL-P 0.4191 0.0152 0.4084 0.0183 0.4961 0.0039 0.02107 0.9074 
XS-VLDL-L 0.4177 0.0156 0.4017 0.0205 0.5055 0.0032 0.02144 0.9057 
XS-VLDL-PL 0.3855 0.0267 0.3544 0.043 0.4984 0.0037 0.001961 0.9914 
XS-VLDL-C 0.4059 0.0191 0.3636 0.0375 0.5527 0.001 0.04279 0.8131 
XS-VLDL-CE 0.4229 0.0142 0.3705 0.0338 0.582 0.0005 0.07365 0.6838 
XS-VLDL-FC 0.3422 0.0513 0.3235 0.0663 0.4604 0.008 -0.02562 0.8874 
XS-VLDL-TG 0.331 0.0599 0.3624 0.0382 0.3451 0.053 0.004226 0.9814 
VLDL-D 0.1402 0.4365 0.2153 0.2289 0.1059 0.5642 0.06889 0.7032 

VLDL-C 0.3411 0.0521 0.3654 0.0365 0.3844 0.0298 -0.03259 0.8571 
VLDL-TG 0.2264 0.2052 0.2795 0.1152 0.1992 0.2744 -0.04018 0.8243 

RemNAnt-C 0.3732 0.0324 0.3723 0.0329 0.4548 0.0089 -0.013 0.9428 
IDL-P 0.3688 0.0347 0.3219 0.0678 0.5321 0.0017 0.04489 0.8041 
IDL-L 0.3504 0.0456 0.3002 0.0896 0.5301 0.0018 0.04246 0.8145 
IDL-PL 0.3177 0.0716 0.2602 0.1436 0.5306 0.0018 0.046 0.7994 
IDL-C 0.2929 0.0981 0.2419 0.175 0.5067 0.0031 0.02926 0.8716 
IDL-CE 0.3085 0.0807 0.2643 0.1373 0.5035 0.0033 0.03098 0.8641 
IDL-FC 0.2438 0.1716 0.1769 0.3247 0.5005 0.0035 0.0231 0.8985 
IDL-TG 0.4399 0.0104 0.434 0.0116 0.4561 0.0087 0.06572 0.7163 
L-LDL-P 0.2997 0.0902 0.2586 0.1462 0.4893 0.0045 0.02631 0.8845 
L-LDL-L 0.2819 0.112 0.2397 0.1792 0.4825 0.0052 0.02057 0.9095 
L-LDL-PL 0.2662 0.1342 0.2241 0.21 0.474 0.0061 0.0188 0.9173 
L-LDL-C 0.2488 0.1626 0.2069 0.2479 0.468 0.0069 0.01071 0.9528 
L-LDL-CE 0.2531 0.1553 0.217 0.2252 0.4595 0.0081 0.005423 0.9761 
L-LDL-FC 0.2256 0.2068 0.1672 0.3523 0.4871 0.0047 0.02791 0.8775 
L-LDL-TG 0.4643 0.0065 0.4349 0.0114 0.4814 0.0053 0.1059 0.5577 
M-LDL-P 0.2598 0.1442 0.2269 0.2042 0.4557 0.0088 0.01331 0.9414 
M-LDL-L 0.2469 0.1661 0.2136 0.2327 0.4513 0.0095 0.01235 0.9456 
M-LDL-PL 0.2628 0.1395 0.2398 0.1789 0.4354 0.0128 0.01906 0.9162 
M-LDL-C 0.2119 0.2364 0.1776 0.3229 0.4374 0.0123 0.001312 0.9942 
M-LDL-CE 0.2161 0.2271 0.1827 0.3089 0.4354 0.0127 -0.004181 0.9816 
M-LDL-FC 0.1801 0.3159 0.1435 0.4256 0.4316 0.0136 0.02137 0.906 
M-LDL-TG 0.4298 0.0125 0.3967 0.0223 0.4455 0.0106 0.09694 0.5915 
S-LDL-P 0.135 0.4537 0.113 0.5312 0.3958 0.025 -0.003242 0.9857 
S-LDL-L 0.13 0.4709 0.1069 0.5537 0.3923 0.0264 -0.004943 0.9782 
S-LDL-PL 0.02416 0.8938 0.01903 0.9163 0.3102 0.084 -0.009251 0.9593 

S-LDL-C 0.1573 0.3821 0.1258 0.4854 0.4056 0.0213 -0.01197 0.9473 
S-LDL-CE 0.1884 0.2936 0.1523 0.3976 0.4186 0.0171 -0.0115 0.9493 
S-LDL-FC 0.04525 0.8026 0.0309 0.8645 0.3353 0.0606 -0.01341 0.941 

S-LDL-TG 0.1814 0.3124 0.1812 0.313 0.3624 0.0415 0.05779 0.7494 
LDL-D 0.2717 0.1262 0.2263 0.2053 0.09469 0.6062 0.02403 0.8944 
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LDL-C 0.2205 0.2175 0.1827 0.3088 0.4467 0.0104 0.001967 0.9913 
LDL-TG 0.4318 0.0121 0.4085 0.0183 0.4469 0.0103 0.08453 0.64 
XL-HDL-P -0.2231 0.212 -0.3104 0.0787 -0.1977 0.278 -0.1418 0.4311 
XL-HDL-L -0.2155 0.2284 -0.3022 0.0874 -0.1887 0.301 -0.1374 0.4458 
XL-HDL-PL -0.2535 0.1546 -0.3407 0.0523 -0.2602 0.1504 -0.1531 0.395 
XL-HDL-C -0.1537 0.393 -0.2328 0.1924 -0.09746 0.5957 -0.1072 0.5527 
XL-HDL-CE -0.1593 0.3759 -0.2365 0.1851 -0.09525 0.6041 -0.1081 0.5494 
XL-HDL-FC -0.1355 0.4522 -0.2157 0.2281 -0.09952 0.5879 -0.09971 0.5809 
XL-HDL-TG -0.1434 0.426 -0.1959 0.2746 -0.04463 0.8084 -0.1007 0.5771 

L-HDL-P -0.3157 0.0735 -0.3772 0.0305 -0.3985 0.0239 -0.1019 0.5727 
L-HDL-L -0.3197 0.0697 -0.3811 0.0287 -0.4028 0.0223 -0.1082 0.5488 
L-HDL-PL -0.3271 0.0631 -0.3875 0.0259 -0.4161 0.0179 -0.1028 0.5691 
L-HDL-C -0.3331 0.0582 -0.392 0.024 -0.4113 0.0193 -0.1244 0.4905 
L-HDL-CE -0.3317 0.0594 -0.3899 0.0249 -0.4107 0.0195 -0.1157 0.5213 
L-HDL-FC -0.3378 0.0545 -0.3976 0.0219 -0.4116 0.0192 -0.1538 0.3928 
L-HDL-TG 0.04411 0.8074 -0.02679 0.8823 0.02 0.9135 0.08182 0.6508 

M-HDL-P -0.3547 0.0429 -0.3629 0.038 -0.446 0.0105* 0.03664 0.8396 
M-HDL-L -0.3653 0.0366 -0.3729 0.0326 -0.46 0.0081 0.02675 0.8825 
M-HDL-PL -0.3205 0.069 -0.3379 0.0544 -0.4051 0.0214 0.06172 0.733 
M-HDL-C -0.4376 0.0109 -0.4364 0.0111 -0.5458 0.0012 -0.03148 0.8619 
M-HDL-CE -0.4434 0.0098 -0.4404 0.0103 -0.5519 0.0011 -0.03145 0.8621 
M-HDL-FC -0.4075 0.0186 -0.4152 0.0163 -0.5119 0.0027 -0.03038 0.8667 
M-HDL-TG 0.1051 0.5605 0.09812 0.587 0.1406 0.4428 0.2771 0.1185 
S-HDL-P -0.2942 0.0965 -0.2592 0.1452 -0.297 0.0988 0.1167 0.5178 
S-HDL-L -0.3103 0.0789 -0.279 0.1158 -0.3136 0.0805 0.1111 0.5382 

S-HDL-PL -0.3386 0.0539 -0.2908 0.1007 -0.4202 0.0166 0.07954 0.6599 
S-HDL-C -0.2254 0.2073 -0.2386 0.1812 -0.08484 0.6443 0.07198 0.6906 
S-HDL-CE -0.1542 0.3916 -0.1788 0.3195 0.04662 0.8 0.05571 0.7581 

S-HDL-FC -0.3679 0.0352 -0.3244 0.0655 -0.4186 0.0171 0.09238 0.6091 
S-HDL-TG 0.3257 0.0644 0.3603 0.0394 0.3176 0.0765 0.07049 0.6967 
HDL-D -0.303 0.0865 -0.3815 0.0285 -0.3358 0.0603 -0.1172 0.516 
HDL-C -0.4025 0.0202 -0.4545 0.0079 -0.4713 0.0065 -0.08973 0.6195 
HDL2-C -0.4031 0.02 -0.4487 0.0088 -0.4771 0.0058 -0.1127 0.5323 
HDL3-C -0.2153 0.2289 -0.2771 0.1185 -0.0182 0.9213 0.07572 0.6754 
HDL-TG 0.3108 0.0784 0.3185 0.0708 0.2411 0.1838 0.01576 0.9306 

Serum-C 0.1739 0.3331 0.1205 0.5041 0.3821 0.0309 -0.05143 0.7762 
EstC 0.1229 0.4956 0.07217 0.6898 0.3493 0.0501 -0.05494 0.7614 

FreeC 0.2827 0.1109 0.2274 0.2032 0.4394 0.0119 -0.04432 0.8065 
Serum-TG 0.2624 0.1401 0.3058 0.0835 0.2445 0.1775 -0.02381 0.8953 
TotPG 0.02179 0.9042 -0.01308 0.9424 0.007563 0.9672 -0.1422 0.4299 
PC 0.04948 0.7845 0.01028 0.9547 0.04752 0.7962 -0.1615 0.3693 
SM 0.06542 0.7176 -0.03402 0.8509 0.345 0.0531 -0.007993 0.9648 
TotCho 0.04437 0.8063 -0.01141 0.9498 0.07933 0.666 -0.1602 0.3731 

ApoA1 -0.3932 0.0236 -0.4408 0.0102 -0.4468 0.0104 -0.1332 0.4598 
ApoB 0.3268 0.0634 0.3374 0.0549 0.4077 0.0206 -0.02905 0.8725 
ApoB/ApoA1 0.4065 0.0189 0.4337 0.0117 0.4808 0.0053 -0.005907 0.974 
TotFA 0.1989 0.267 0.2127 0.2346 0.2204 0.2256 -0.05965 0.7416 
UnSat -0.2776 0.1178 -0.3411 0.052 -0.2294 0.2066 -0.01216 0.9465 
DHA -0.1594 0.3757 -0.2414 0.1759 -0.1568 0.3915 0.03075 0.8651 
LA 0.08151 0.652 0.07436 0.6809 0.2438 0.1787 -0.0403 0.8238 
FAw3 0.006322 0.9721 -0.04747 0.7931 -0.01154 0.95 0.03154 0.8617 
FAw6 0.08366 0.6435 0.06769 0.7082 0.2398 0.1861 -0.04829 0.7896 
PUFA 0.07807 0.6659 0.05662 0.7543 0.2164 0.2342 -0.03776 0.8347 
MUFA 0.2233 0.2115 0.251 0.1589 0.2282 0.2091 -0.04382 0.8087 
SFA 0.212 0.2363 0.228 0.202 0.192 0.2926 -0.08292 0.6464 

Table 4.3-3: Pearson correlation coefficients and p values from the correlation 
between JSLE patient CTB (lipid raft) expression on immune cell subsets and 
serum lipids (nightingale) 
Significant P values (p>0.05) are displayed in red. Abbreviations: TG (triglycerides), 
Est (esterified), PG (Phosphoglyceride), PC (Phosphatidylcholine), SM 
(Sphingomyelins), Unsat (Unsaturated), LA (Linoleic acid), FAw3 (Omega-3 fatty 
acids), FAw6 (Omega-6 fatty acids), PUFA (Polyunsaturated fatty acids), MUFA 
(Monounsaturated fatty acids), SFA (Saturated fatty acids), VLDL, IDL, LDL, HDL 
(very low, intermediate, low, high density lipoprotein), P (particles), C (cholesterol), 
CE (cholesterol esters), FC (free cholesterol).  
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Figure 4.3-3: Lipid metabolism, disease activity and cardiovascular risk in 
JSLE 
Summary diagram of the hypothesised relationship between lipoproteins, immune 
cell membrane lipids and cardiovascular risk. Top (High disease activity): Reverse 
lipoprotein lipid transport (HDL) is reduced and forward transport (VLDL, IDL and 
LDL) is increased which directly (arterial wall lipid uptake) and indirectly (increased 
lipid uptake by immune cells and subsequent inflammatory profile) promotes 
cardiovascular risk. Bottom (Low disease activity): Forward lipid transport is 
reduced and reverse is increased reducing the amount of arterial wall and immune 
cell membrane lipid build up, reducing both inflammation and cardiovascular risk.   
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4.4. Stratification of JSLE patients by lipoprotein profile 

reveals 3 unique patient groups 

4.4.1. Stratification of JSLE patients by lipoprotein profile 

JSLE is a very heterogeneous disease, with patients displaying different organ 

damage, symptoms and complications. I therefore explored patient stratification to 

investigate whether certain patient groups could respond better to therapies 

targeting lipids.  

JSLE Lipoprotein particle data, including concentrations and diameters, was 

converted to z-scores and unbiased hierarchical clustering was performed (Figure 

4.4-1 Top). On the side axis HDL clustered separately from VLDL, IDL and LDL, 

thus validating the analysis. Patients clustered into 3 distinct groups identified from 

the cluster tree. Group 1 contained less HDL but more VLDL/IDL/LDL, Group 2 

contained more HDL but less VLDL/IDL/LDL and Group 3 had low expression of 

both. 

Characteristic distributions of other lipid measures were also identified in each 

group. By presenting these lipid measures as standard deviation (SD) from the 

mean value of the whole study population the lipoprotein distribution across each 

group was validated (Figure 4.4-1 Bottom). In addition, Group 1 was found to have 

increased total, free, esterified and VLDL/IDL/LDL cholesterol but less HDL 

cholesterol. The opposite was found in Group 2 and 3 where cholesterol was lower 

in all cases. Considering other lipids (Figure 4.4-1 B), Group 1 had increased serum 

and lipoprotein TG levels whereas Group 2 and Group 3 had lower TG levels. Group 

1 had increased choline related lipids that are common components of lipid rafts 

(PG, PC and SM [65]) whereas Group 2 had lower and Group 3 had even more 

lower levels of these lipids. Group 1 had lower unsaturated FA but higher 

polyunsaturated omega and saturated FA than the other groups which both show 

the opposite (Figure 4.4-1 Bottom).  

Clinical information regarding these groups revealed that Group 1 had relatively 

higher SLEDAI, ESR, dsDNA and lower C3 and C4, trends associated with 

worsened disease outcome. Group 2 had lower ESR and dsDNA indicating lower 

disease severity but also had little difference in SLEDAI and a low C3 and C4. 

Group 3 had low SLEDAI and dsDNA and a high C3 and C4; this group also had an 

increased ESR and a low lymphocyte count. In addition, Group 1 had low anti-CL 

IgM and Group 2 had low anti-CL IgG. Regarding liver function tests, Group 1 had 
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the most liver damage and Group 3 had the least. Finally, the atherogenic index of 

plasma was much higher in Group 1 compared to Groups 2 and 3 where it is low 

(Figure 4.4-1 Bottom). 

Thus, 3 patient groups were identified here based on their lipoprotein profile that 

differ in their cholesterol, TG and FA profile and display unique clinical phenotype. 
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Figure 4.4-1: Patient stratification by lipoprotein phenotype 
Identification of unique groups using metabolomics (Nightingale) on serum from 
JSLE patients. (Top) Heat map displaying the z-score converted measurements of 
lipoproteins and apolipoproteins from 31 individual JSLE patients. Unbiased 
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hierarchical clustering was performed using MeV software and 3 groups are labelled 
(Group 1=light grey, Group 2=dark grey, Group 3=black). Anti- and pro- atherogenic 
lipoproteins clustered (labelled in green and red respectively). (Bottom) 
Measurements from each stratified group of the lipoprotein subclasses (left), other 
lipid (middle) and clinical (right) phenotypes from both Nightingale metabolomics 
and recorded patient clinical tests. Data in units of standard deviation (SD) are 
shown in the histograms as deviation from the mean value of the whole study 
population. Error bars indicate standard error. The lipoprotein bar labels refer to 
lipoprotein size or apolipoprotein (Apo) subclass.  Other abbreviations: TG 
(triglycerides), Est (esterified), PG (Phosphoglyceride), PC (Phosphatidylcholine), 
SM (Sphingomyelins), Unsat (Unsaturated), LA (Linoleic acid), FAw3 (Omega-3 fatty 
acids), FAw6 (Omega-6 fatty acids), PUFA (Polyunsaturated fatty acids), MUFA 
(Monounsaturated fatty acids), SFA (Saturated fatty acids), SLEDAI (systemic lupus 
erythematosus disease activity index), ESR (erythrocyte sedimentation rate), C3/4 
(Complement C3/4), LC (Lymphocyte count), IgM/G (immunoglobulin M/G), ALT 
(alanine transaminase), AIP (atherogenic index of plasma).  
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4.4.2. Stratified JSLE patient groups have a unique clinical profile and 

cardiovascular risk 

To validate the clinical significance of these 3 groups I compared the raw clinical 

measures of disease and treatment information of the patients. No significant 

differences in demographic information or treatments were identified between the 

groups (Table 4.4-1). However, a near significant increase SLEDAI score was 

observed in Group 1 compared to Group 3 as well as a significantly higher ESR in 

Group 1 and 3 compared to Group 2 (Figure 4.4-2 A). Group 1 and 2 had a 

significantly decreased C3 and reduced albumin compared to Group 3. No other 

significant differences were found here despite trends seen in Figure 4.4-1. 

In recent studies, measurement of the ratio between serum apolipoproteins 

ApoB:A1 has been described as a more effective predictor of cardiovascular risk 

than routine cholesterol measurements [198-201]; a high ratio is associated with 

increased cardiovascular risk. I assessed this ratio between the 3 JSLE groups and 

compared to healthy controls (Figure 4.4-2 B). The ApoB:A1 ratio was significantly 

increased in Group 1 compared to both the other JSLE groups and HCs. Group 2 

had a significantly lower ApoB:A1 ratio compared to all other groups. Group 3 had 

no difference compared to healthy controls. ApoB:A1 ROC curve analysis compared 

to HCs validated this finding (Figure 4.4-2 B); for identification of Group 1 from HCs 

an ApoB:A1 ratio cut off value of 0.55 was confirmed to have highest sensitivity and 

specificity of 83% and 78% respectively. In addition, a significant increase in 

atherogenic index of plasma (AIP) (Figure 4.4-2 C) was identified in Group 1 

compared to both Group 2 and HCs. Finally, the Body Mass Index (BMI) was 

significantly higher for patients in Group 1 and 3 compared to Group 2 (Figure 4.4-2 

D). 

Data published by Smith et al [202] identified 4 lipid measurements associated with 

pre-clinical atherosclerotic plaque in adults with SLE. The expression of these 

plaque-associated lipids was compared across the 3 JSLE Groups. Strikingly Group 

1 had significantly increased levels of all 4 metabolites (Figure 4.4-2 E). These 4 

metabolites correlated positively with ApoB:A1 in Group 1 but not in Group 2 or 3 

(Figure 4.4-2 F). 

Therefore, each JSLE patient group has a different clinical presentation and 

cardiovascular risk; Group 1 is the higher cardiovascular risk group based on this 

evidence. 
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Table 4.4-1: Demographic and treatment information between the 3 JSLE 
groups 

 

Group 1 Group 2 Group 3 P value 
(Kruskal Wallis) 

Demographic 

    Number 12 13 6 - 

Gender (F:M) 6:6 11:2 4:2 0.1906 

Median age (range) 20 (16-23) 18.5 (16-23) 18.5 (16-25) 0.4517 

White (%) 33 46 17 0.4613 

Black (%) 25 8 50 0.1267 

Asian (%) 42 31 17 0.5653 

Other (%) 0 15 16 0.3991 

Treatment (%) 

    Hydroxychloroquine 

(%) 

83 92 83 0.7697 

Mycophenolate  33 69 50 0.2098 

Prednisolone  50 46 50 0.9786 

Vitamin D  8 23 50 0.1461 

Methotrexate  8 8 33 0.2623 

Azathioprine  25 8 33 0.3570 
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Figure 4.4-2: Cardiovascular risk prediction across the 3 patient groups 
Assessment of cardiovascular risk across three patient groups. (A) Clinical 
measures of disease severity in JSLE measured in group 1 (n=12), 2 (n=13) and 3 
(n=6). Mean, t-test (*=P<0.05, **=P<0.01, ***=P<0.001,****=P<0.0001. (B) Left: The 
ApoB:ApoA1 ratio (Nightingale) (higher ratios=higher risk) measured in Group 1 
(n=12), 2 (n=13) and 3 (n=6). Mean, t-test (*=P<0.05, **=P<0.01, 
***=P<0.001,****=P<0.0001). Star(s) underneath=group compared to HC. Right: 
ROC curve analysis of the ApoB:A1 ratio of each group compared to healthy 
controls (HC) (n=39). Area under the curve is displayed. (C) The atherogenic index 
of plasma measured in each group and HC. (D) Body Mass Index (BMI) of patients 
in Group 1, 2 and 3. Dashed red lines indicate the cut off BMI values for 
underweight, healthy, overweight and obese. (E) Levels of 4 metabolites identified in 
our previous work (Smith et al [202]) across the three JSLE groups. These blood 
fats had increased expression in adult patients with pre-clinical atherosclerosis. 
Mean, t-test (*=P<0.05, **=P<0.01, ***=P<0.001, ***=P<0.0001. (F) Table displaying 
the spearman’s correlation (r) and p value of the correlation between the ApoB:A1 
ratio of each JSLE group and the metabolites associated with pre-clinical 
atherosclerosis in SLE. Significant p values are shown in red. 
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4.4.3. JSLE groups have a unique immune cell lipid profile 

I next went on to investigate the lipid raft profile of the three lipoprotein-stratified 

groups. This was a validation of the identified link between lipoprotein metabolism 

and immune cell membrane composition. 

T-cells and B-cells from patients in Group 1 had significantly increased lipid rafts 

(CTB) compared to healthy controls (Figure 4.4-3 A). This difference was not seen 

in Group 2 or 3. I then correlated CD4, CD8 T-cell and B-cell lipid raft expression 

with lipoprotein subsets in each group. This revealed a differential relationship 

between serum lipids and immune cell membrane lipids (Figure 4.4-3 B). T-cell lipid 

rafts in Group 1 and 2 correlated positively with VLDL/LDL/IDL/ApoB and there was 

a positive correlation with HDL/ApoA1 in Group 2; this however was negative in 

Group 1. B-cell lipid rafts in Group 1 correlated positively with VLDL/LDL/IDL/ApoB 

but negatively in Group 2. In Group 3 both VLDL/LDL/IDL/ApoB and HDL/ApoA1 

correlated negatively with lipid rafts (Figure 4.4-3 B). 

Thus, each group had a unique membrane lipid profile that is differentially 

associated with lipoprotein levels in the serum. 
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Figure 4.4-3: JSLE groups have a unique lipid raft profile 
Measurement of lipid rafts by flow cytometry across the three patient groups. (A) 
Heatmap (MeV) displaying the p value comparing MFI values of CD4, 8 T-cell and 
CD19 B-cell CTB (lipid raft) expression in each JSLE group (Group 1 (n=12), 2 
(n=13) and 3 (n=6)) compared to healthy controls (n=39). PBMCs were stained with 
fluorochrome-labelled antibodies (CD4, CD8 and CD19) as well as CTB to detect 
glycosphingolipid expression in immune cell subsets. Samples were analysed using 
Fortessa X20 flow cytometer and Flowjo software. Mean, t-test. (B) Heatmap (MeV) 
showing the spearman’s correlation (r value) of lipid raft expression in CD4 and CD8 
T-cells and B-cells (B) from JSLE patient groups (Group 1 (n=12), 2 (n=13) and 3 
(n=6)) with serum lipoprotein subsets and apolipoproteins (nightingale). Unbiased 
hierarchical clustering was performed on the side axis.  
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4.4.4. Each group has a unique immunophenotype 

Despite several studies investigating the clinical profile of JSLE [1, 4-6, 8, 17], very 

little is known about the detailed immunological phenotype of patients. It is important 

to establish what aspects of the immune response are involved in JSLE. This gives 

information on how the immune system is altered at a common age of onset for SLE 

where the immune system is still developing and hormonal changes are more 

apparent.  

In order to establish and understand how the immune profile differs in JSLE 

compared to age matched HCs, I designed a flow cytometry platform to identify 30 

cell types (T-, B- and myeloid cell subsets) (Figure 2.3-1, Table 4.4-2). In depth 

immunophenotyping was performed on 35 JSLE patients and 39 age and sex 

matched HCs. Gating strategies are shown in Figure 2.3-1, Table 4.4-2. Following p-

value correction for multiple comparisons a strikingly different immune profile was 

identified in patients with JSLE compared to HCs (Figure 4.4-4 A). Specifically, CD4 

and CD8 effector memory (EM) (CD45RA-CD27-) and CD4 central memory (CM) 

(CD45RA-CD27+) T-cell populations were significantly reduced in JSLE. JSLE 

patients also had increased naïve (CD45RA+CD27+) CD8 T-cells. CD4 and CD8 T-

cells were both more active in JSLE patients than HCs (CD69+). A significantly 

increased frequency of iNKT cells was also found as well as an increased frequency 

of Tregs (CD25+CD127-) in JSLE. Regarding B-cells, a widely accepted gating 

strategy was used to identify specific subsets of cell maturity; these are labelled as 

Bm1-5 cells [203] (Figure 2.3-1, Table 4.4-2). JSLE patients had reduced Bm1 

(IgD+CD38-) (naïve) cells and increased BM2’ (IgD+CD38++) (transitional) and 

Bm3-4 (IgD-CD38++) (plasmablast) cells. Finally, JSLE patients had significantly 

increased CD14+ monocytes but no difference in monocyte subsets (classical, non-

classical and intermediate), defined using CD16 [204] (Figure 2.3-1, Table 4.4-2), 

and no differences were seen in the frequency of PDC’s in JSLE compared to HCs. 

Together this has identified possible cell specific therapeutic targets for the 

treatment of JSLE and highlights a particular role of the naïve and memory immune 

system axis in disease pathogenesis. 

I next explored the phenotype of the stratified JSLE groups to identify a relationship 

between lipoprotein metabolism and the global immunophenotype. Each group was 

compared to HCs (Figure 4.4-4 B). Here I found that Groups 1 and 3 had increased 

CD4 and CD8 T-cell activation (CD69+). Group 1 had significantly increased CD8 T-

cells and Bm3-4 B-cells (IgD-, CD38++) (plasmablasts) but decreased CD4 T-cells 
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and Bm1 B-cells (IgD+CD38-) (naïve). Group 3 had significantly increased CD14+ 

monocytes and Bm2’ B-cells (IgD+CD38++) (transitional). Interestingly Group 2 had 

no differences in their immunophenotype compared to HCs.  

The cytokine profile of patient serum was also analysed (Figure 4.4-4 C). JSLE 

patients from Group 1 had a significantly increased IL-6 and decreased IL-4 

compared to HCs and Group 3 had significantly decreased IFNγ. Group 2 had no 

unique cytokine profile relative to the other JSLE groups. All 3 groups had reduced 

serum levels of IL-2 compared to HCs.  

Thus, a unique immunophenotype was identified for each patient group that may 

help direct targeted immunotherapy based on lipid profile. 
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Table 4.4-2: Markers used to identify cell types for immunophenotyping by 
flow cytometry 

  Cell type Markers 

T-cells CD4 T-cell CD3+, CD4+ 

 
CD8 T-cell CD3+, CD8+ 

 
Activated CD4 T-cell CD4+, CD69+ 

 Activated CD8 T-cell CD8+, CD69+ 

 
Naïve CD4 T-cell CD4+, CD27+, CD45RA+ 

 
Central memory (CM) CD4 T-cell CD4+, CD27+, CD45RA- 

 
Effector memory (EM) CD4 T-cell CD4+, CD27-, CD45RA- 

 
Effector memory (EM) RA CD4 T-cell CD4+, CD27-, CD45RA+ 

 Naïve CD8 T-cell CD8+, CD27+, CD45RA+ 

 Central memory (CM) CD8 T-cell CD8+, CD27+, CD45RA- 

 Effector memory (EM) CD8 T-cell CD8+, CD27-, CD45RA- 

 Effector memory (EM) RA CD8 T-cell CD8+, CD27-, CD45RA+ 

 
Regulatory T-cell (Treg) CD4+, CD25+, CD127- 

 
Tresponder T-cell (Tresp)  CD4+, CD25-, CD127+ 

 Invariant natural killer T- (iNKT) cells CD3+, iTCR+ 

B-cells B-cells CD19+ 

 
Bm1 (naïve) IgD+, CD38- 

 
Bm2 (mature) IgD+, CD38+ 

 
Bm2' (Transitional) IgD+, CD38++ 

 
Bm3-4 (plasmablasts) IgD-, CD38++ 

 
Early Bm5 (early memory) IgD-, CD38+ 

 
Late Bm5 (late memory) IgD-, CD38- 

 
Peptide antigen presenting HLA-DR+ 

Monocytes Monocytes CD14+ 

 
Classical CD14+, CD16- 

 
Non-classical CD14+, CD16+ 

 
Intermediate CD14-, CD16+ 

 
Peptide antigen presenting HLA-DR+ 

PDC Plasmacytoid dendritic cell (PDC) CD303+ 

 
Peptide antigen presenting HLA-DR+ 
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Figure 4.4-4: JSLE groups have a unique immunophenotype 
Measures of immune cell phenotype by flow cytometry across the three patient 
groups. PBMC’s were stained ex-vivo with panel A1 and C antibody’s displayed in 
Table 2.3-1 to look at 30 cell types (Table 4.4-2) in JSLE patients and aged matched 
healthy controls. Samples were analysed using Fortessa X20 flow cytometer and 
Flowjo software. Gating strategies are displayed in Figure 2.3-1. (A) Volcano plot 
showing the fold change of 35 JSLE patients immunophenotype data from healthy 
controls (n=39). (B) Volcano plots showing the fold change of each JSLE groups 
immunophenotype data (Group 1 (n=12), 2 (n=13) and 3 (n=6)) from healthy 
controls (n=39). Log10 p values are displayed. Red line=adjusted p value following 
10% false discovery rate adjustment for multiple comparisons. (C) Comparison of 
expression of individual cytokines between JSLE patient groups and 39 healthy 
controls. BD™ Cytometric Bead Array (CBA) was used to measure the serum 
cytokine levels. Unpaired two-tailed t-tests (*=P<0.05). 
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4.4.5. Immune cell inter-relationships are altered between each group 

I next applied a systems immunology approach (phenotype-phenotype correlation 

analysis) to this data to investigate differences in cell population relationships in 35 

JSLE patients compared to 39 HCs (Figure 4.4-5 A). This can help identify pathways 

shared between different immunological architecture and help visualise an 

immunologic signature in different patient groups [205].  

For each individual, 30 immune cell population frequencies were assessed. 

Unsupervised hierarchical clustering revealed typical clusters of co-regulated cell 

types in the HCs; this validated the systems immunology approach (Figure 4.4-5 A 

left). Typical clusters included a T-cell EM cluster, CM cluster, activated cell cluster 

and an antigen presenting cell cluster. Other interesting clusters also appeared 

including a naïve immune system cluster consisting of naïve T- and B-cells, classical 

monocytes and PDC’s as well as a micro-cluster of Tregs and plasmablasts. These 

correlated as expected; for example naïve T- and B-cells correlated negatively with 

respective memory cells (Figure 4.4-5 A left). 

Compared to HCs, small differences were found in the correlation between certain 

immune subsets in JSLE (Figure 4.4-5 A). Of note, the iNKT cell population 

correlated negatively with effector memory and activated T-cell subsets in HCs 

however this was positive in JSLE. In addition Tregs correlate negatively with 

monocytes in PDC’s in HCs but positively in JSLE. Finally, JSLE Bm2’ (transitional) 

B-cells had a positive correlation with central memory and activated T-cell subsets 

and this was not seen in HCs. 

More obvious differences and similarities were seen from this analysis when the 3 

stratified JSLE groups were isolated and compared with each other (Figure 4.4-5 B). 

Many similarities in cell-cell correlation between Group 1 and 3 were identified that 

were the opposite in Group 2. These include a positive correlation between the 

naïve cell cluster and CM T-cells as well as the antigen presenting cell cluster and 

Treg/PDC cluster; these were negative correlations in Group 2. Group 1 and 2 also 

shared correlation trends that were not seen in Group 3. EM T-cells correlated 

negatively with monocytes and PDC’s and early/late Bm5 (memory) B-cells 

correlated positively with HLA-DR+ antigen presenting cells. These correlations 

were the opposite in Group 3. Finally, CD8 T-cells correlated positively with Bm2 

(mature) and Bm2’ (transitional) B-cells in Group 2 but this was negative in Group 1 

and 3. 
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To conclude, here I have stratified 3 patient groups based on their lipoprotein profile 

that have a differential clinical profile and atherosclerotic risk. These groups can be 

easily identified from an ApoB:A1 ratio. Lipid modification therapies and/or diet could 

be beneficial in these specific patients with a high ApoB:A1 ratio. I have also shown 

that serum lipids not only influence atherosclerotic risk in JSLE but also the profile 

and systemic interrelationship of the immune system. Atherosclerosis is partly an 

immune regulated disease and hence the cell types I have found associated with 

each JSLE patient group could be promising therapeutic targets. A summary of the 

patient group unique identities can be found in Figure 4.4-6. 
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Figure 4.4-5: Phenotype-Phenotype correlation analysis displaying the inter-relationship of immune cell subsets in JSLE 
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Phenotype-phenotype correlation analysis of flow cytometry data displayed as a 
heat map of 30 immune cell types (Table 4.4-2) in either (A) 39 healthy controls 
(left) and 35 aged matched JSLE patients (right) as well as (B) three defined JSLE 
patient groups (Group 1 (n=12), 2 (n=13) and 3 (n=6)). R software was used to 
calculate spearman correlation coefficients between immune cell subset 
frequencies. Spearman correlations between each cell type were converted to a 
heat map and the healthy control map was clustered using MeV software by 
unbiased hierarchical clustering; the JSLE heat maps were re-organised to match. 
Clusters of cell types are coloured and annotated in the key. The colour scale 
corresponds to the r-value (calculated using R software) of the correlation whereby 
1=positive correlation (yellow), -1=negative correlation (blue) and 0=no correlation 
between the cell types (black). 
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Figure 4.4-6: Phenotypic summary of the stratified JSLE patient groups 
Summary of the atherosclerotic risk, clinical profile, immunological profile and 
proposed therapeutic options for lipid stratified JSLE patient groups. Therapeutic 
options include diet and/or therapies shown to be effective in large randomised trials 
in lowering cardiovascular disease risk. Abbreviations: Apo (Apolipoprotein), BMI 
(Body Mass Index), SLEDAI (Systemic Lupus Erythematosus Disease Activity 
Index), ESR (Erythrocyte Sedimentation Rate), PCSK9 (Pro-protein convertase 
subtilisin/kexin type 9), NB-DNJ (N-butyl-deoxynojirimycin).   
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4.5. Discussion 

Here I have identified an atherogenic and inflammatory influence of lipoprotein 

metabolism in JSLE through changes in immune cell membrane lipids. I have also 

stratified 3 groups based on their lipoprotein profile that differ in their metabolic, 

clinical and immunological phenotype to suggest tailored lipid therapy or diet 

intervention to control disease symptoms. 

4.5.1. Lipid metabolism in JSLE 

Immune cell membrane lipids and the implication on their function is a relatively new 

interest in autoimmunity, and defects in adult SLE T-cells and B-cell lipid rafts have 

been described [65, 113]. CD4+ T-cells from adult SLE patients have altered lipid 

rafts compared to HCs through an altered GSL profile with increased levels of 

monosialotetrahexosylganglioside (GM1) [117]. This results in signalling defects and 

altered cytokine production. Signalling defects in B-cells have also been attributed to 

lipid raft defects in adult SLE [119]. In support of what is known in the adult SLE 

patients I found that lipid rafts (GSLs) were of higher abundance in high activity 

JSLE patients in both CD4 and CD8 T-cells and B-cells but this was not seen in 

monocytes. ROC curve analysis confirmed that GSL GM1 expression was an 

excellent biomarker of high disease activity suggesting this could be a promising 

therapeutic target to control T- and B-cell activation.  

The role of lipoproteins in subclinical atherosclerosis has been described in depth in 

the general population [206]; however information regarding lipoprotein size and 

composition is lacking in JSLE despite reports of differences in adult SLE lipoprotein 

lipid content [207]. Standard clinical serum lipid measures were within normal ranges 

for the majority of patients in the young adult and adolescent rheumatology clinic at 

UCLH and GOSH respectively. In support of this, in-depth metabolomic analysis 

including detailed information on general serum lipids, fatty acids, lipoprotein sizes 

and compositions also identified a lack of difference in lipids in JSLE compared to 

HCs. There was however a significantly reduced concentration of circulating 

glutamine in JSLE. The metabolic demand of active immune cells to proliferate and 

differentiate into effector cells relies heavily on nutrient uptake, mostly glucose, fatty 

acids and glutamine [208]; this may explain the reduced levels in JSLE due to the 

increased metabolic demands of the chronic inflammatory environment. There was 

also a significant increase in acetate and acetoacetate. Acetoacetate is a ketone 

body synthesised through ketogenesis within hepatic mitochondria from acetyl-CoA 

[209]. Ketogenesis can remove up to two-thirds of the fat entering the liver and is 
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activated in high fatty acid states; this suggests a possible contributor mechanism 

for dyslipidaemia in JSLE. Despite an absence of differences in lipids in JSLE 

compared to HCs, when associated with disease activity scores, this revealed a 

significant association of high disease activity with LDL, IDL and VLDL particle 

sizes, concentrations and lipid compositions. I showed an opposite trend with HDL 

particles supporting evidence that clinical measures of HDL are lower in high activity 

adult SLE patients [88]. In support of this, ApoA1 and ApoB were associated 

respectively with low and high disease activity. HDL in adult SLE patients has been 

shown to be enriched in cholesterol and triglycerides [89]; controversially, I show 

here that high disease activity patients have reduced HDL content of cholesterol but 

increased triglycerides. In addition, serum TG was increased in high activity JSLE 

patients, supporting previous findings in adults [84]. There was a dominance of 

VLDL particles associated with high disease activity and VLDL particles naturally 

contain more TGs compared to LDL and IDL [62]; together this evidence suggests 

targeting TGs may be an important therapeutic strategy to control disease 

symptoms. The lack of differences in lipid metabolism identified when comparing 

HCs with all JSLE patients may be a result of the young age of the patients as well 

as a dominance of low activity within the cohort. It is known that prolonged exposure 

to non-resolving inflammation can increase atherosclerotic progression development 

of clinically dangerous plaques [70]; thus, these young patients may experience 

more advanced dyslipidaemia during adulthood, highlighting a therapeutic 

opportunity to manage lipid levels, disease activity and atherosclerosis.  

The influence of lipoproteins on T-cell and B-cell membrane lipids has not been 

described in detail. A lot of focus is on monocytes regarding foam cell production in 

atherosclerosis. Here I found that T-cell and B-cell lipid rafts correlated positively 

with VLDL, LDL and IDL particles and their lipid content but negatively with HDL and 

ApoA1. It has been shown that HDL and ApoAI can inhibit the ability of APCs to 

stimulate T-cells [210]. Cholesterol uptake via ApoA1/HDL from LDL-loaded 

macrophages helps to avoid foam cell formation associated with inflammation and 

atherogenesis [65]. I found that HDL and ApoA1 correlated negatively with lipid raft 

associated lipids (cholesterol, PG and PC [197]) in high activity patients, suggesting 

this mechanism of ApoA1/HDL cellular lipid removal may be defective. A 

combination of increased VLDL/IDL/LDL lipid uptake and decreased ApoA1/HDL 

efflux may account for the increased membrane lipid raft expression in high disease 

activity patients. In addition, uptake of oxidised and modified forms of LDL by CD36 

is lipid raft dependent and LDL internalisation promotes the formation of altered lipid 
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raft domains in the macrophage plasma membrane [120]. The interaction of 

ApoA1/HDL with macrophages and subsequent cholesterol efflux is also lipid raft 

dependent, thus further implicating the involvement of lipid rafts in the pathogenesis 

of atherosclerosis and (J)SLE. In support, it has also been shown that SLE plasma 

compromises cholesterol homeostasis, however this study was carried out on a 

THP-1 monocyte cell line; here the lupus plasma more than doubled macrophage 

foam cell transformation [211]. Dietary lipids have also shown to effect lipid raft 

composition and raft associated downstream signalling. Incorporation of the dietary 

PUFA DHA into T-cell membranes alters plasma membrane phospholipid 

expression and the localisation of immunogenic receptors such as IL-2-receptor and 

Fc-receptors into lipid raft microdomains [212]. This modifies T-cell activation signals 

and may result in a more inflammatory and atherogenic local response. This 

supports an opportunity for nutritional intervention in modulating lipid rafts both 

directly and indirectly through lipoprotein metabolism in the control JSLE disease 

activity. 

Albumin correlated negatively with disease activity suggesting increased liver 

damage in high disease activity patients. This was confirmed by increased alanine 

transaminase levels. Although the exact mechanism of lipoprotein transport in JSLE 

patients remains to be determined, I suggest that excess liver damage contributes to 

the increased forward lipid transport through VLDL particles. Liver damage in SLE is 

a controversial subject. One clinical study has reported that 55% of patients with 

SLE had increased transaminase levels [213]. In addition, Matsumoto et al [214] 

identified fatty liver as the major feature of liver histology in 72% of SLE patients. 

Also in a clinical SLE study on liver histology it was found that 36% of patients had 

steatosis, a major feature of fatty liver disease [215]. Due to dysregulated fat 

metabolism fatty liver disease is accompanied by an increased VLDL production 

[216] and increased LDL has been found in paediatric patients with fatty liver 

disease [217]. Some of these studies showed that liver damage appeared 

concomitantly with lupus activity. This provides a possible association between 

JSLE activity and increased forward lipid transport; further study needs to be done 

on this. In support of this hypothesis I found that immune cell lipid rafts correlated 

with liver function tests. This suggested an indirect effect of liver damage on immune 

cell lipids via increased liver VLDL secretion and immune cell uptake in high activity 

patients. 
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4.5.2. Patient stratification 

JSLE is a very heterogeneous disease and patient stratification is a popular 

treatment strategy in modern approaches to tackle the disease [218]. Stratification of 

JSLE patients based on lipoprotein particles, size and apolipoproteins revealed 3 

patient groups, each with a unique lipid transport profile. Here I identified that 

patients in Group 1 are at great cardiovascular disease risk now and in later life due 

to an increased particle frequency and lipid (cholesterol and triglyceride) content of 

their VLDL, IDL and LDL and decreased particle frequency and lipid contend of their 

HDL relative to the other groups. Group 1 also have increased choline related lipids 

that are frequently found in lipid rafts [65] along with cholesterol . They also have 

more fatty acids relative to the other groups. Group 2 had a lipid profile suggestive 

of decreased cardiovascular risk however Group 3 were low for all lipids, both 

protective and harmful. This was reflected in the clinical phenotype. Group 1 had a 

higher disease activity however group 3 have the lowest. Interestingly Group 3 also 

has increased ESR and complement proteins suggesting increased inflammation 

despite the lower SLEDAI score. This could mean that lower levels of HDL drive 

increased ESR due to an increased lipid burden on red blood cells. High 

VLDL/IDL/LDL drives increased SLEDAI and a low amount of these and HDL may 

contribute to increased C3 and C4. Complement proteins are known to bind to 

lipoproteins which may explain their increased serum levels in Group 3 with low 

levels of all lipoproteins [219].  

Interestingly Group 3 were the only group to have a noticeable difference in 

lymphocyte count which was decreased, counter to the expected trend when 

disease activity is lower. Liver function tests were worse in Group 1 suggesting this 

may be causal of increased efflux of VLDL/IDL/LDL, supported by the opposite trend 

seen in Group 2 and 3. It has been sown that in SLE patients positive for aCL-IgG 

antibodies HDL, Apo-A1 and serum cholesterol levels are significantly depleted   

and SLE patients with APS had higher titres of antibodies to HDL than in controls 

[220, 221]. This trend was not seen in these patients however this may be related to 

their young age.  

I also identified a relationship between BMI, lipid profile and inflammation. Strikingly, 

Between 40% and 50% of adults with SLE are classified as obese [222-225] and it 

has been previously reported that SLE patients with obesity are associated with a 

worse patient reported disease outcome including increased fatigue and disease 

activity [226]. Education regarding diet and exercise is of huge demand for these 
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patients. Group 1 and 3 had a higher BMI than Group 2 however the atherogenic 

index of plasma was only higher in Group 1 compared to HCs. This suggests High 

VLDL/LDL/IDL may be a greater cause of atherosclerotic risk than low HDL 

considering both Groups 1 and 3 have low HDL. In support, patients in Group 1 also 

had significantly higher lipids associated with preclinical atherosclerotic plaque in 

adults with SLE [202] suggesting that these patients have an increased risk of 

developing atherosclerosis and cardiovascular disease as adults. In Group 1 a 

positive feedback loop between dyslipidaemia and non-resolving inflammation from 

this young age creates the perfect storm for atherosclerosis and clinically dangerous 

plaque development [70].  

It is therefore clear that diet intervention therapy will perform better in certain 

patients, and identifying these groups easily in the clinic will be a challenge; I found 

that the ApoB:A1 ratio was a good biomarker of these groups. I have identified a cut 

off value for this biomarker that could be implicated in the clinic. In addition, the 

nightingale platform used to measure this ratio has begun to introduce a large scale 

clinical platform (https://nightingalehealth.com/news/nightingales-blood-test-well-

received-in-public-healthcare). This could therefore be a biomarker that can be 

easily measured in a clinical setting to efficiently determine treatment. There is 

evidence that ApoB:A1 ratio is a better predictor of cardiovascular risk than 

conventional measures of blood cholesterol [198-201]. In addition, this measure has 

also been shown to associate with risk of myocardial infarction irrespective of serum 

cholesterol levels [227, 228], and the some patients thought to be performing well on 

statins, through LDL-C measures, have been shown to have high ApoB [229, 230]; 

thus apolipoprotein measures could also help optimise the effects of lipid lowering 

therapy by targeting the correct patients. The discrepancy between clinical blood 

cholesterol measures and apolipoprotein measures could greatly improve 

cardiovascular risk prediction in SLE.  

Not only did these stratified patients have differences in atherosclerotic risk and 

clinical profile, but also their cell phenotype was altered. Initial analysis of all JSLE 

patients compared to HCs revealed a disrupted immunophenotype in JSLE. Being 

young these patients have had less treatment variation and duration than adult 

patients and their disease onset is closer to their current age. This provides valuable 

information regarding early disease development. In addition, with puberty and 

hormones hypothesised to play a key role in JSLE pathogenesis, targeting a cohort 

in which puberty is influencing their physiological development was key. 
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Atherosclerosis has long been associated with macrophage foam cell formation [85]. 

It was therefore interesting to see here a significant increase in CD14+ monocytes in 

JSLE patients. This suggests a possible contributor to the increased cardiovascular 

risk in these patients as more macrophages may be infiltrating into the intima region 

of artery walls. In support of data in adults with SLE, a study with 205 SLE patients 

also revealed no difference in CD14/CD16 defined monocyte subsets compared 

with HCs, however this study also found no difference in CD14+ monocytes [231]. 

There was a decrease in naïve (Bm1) B-cells and memory T-cells in JSLE. 

Interestingly these findings contradict research in adults with SLE where there is an 

increase in EM T-cells in patients [232]. These differences in memory T-cells were 

of greater significance in CD8 compared to CD4 T-cells, and CD8 T-cell frequencies 

were associated with the JSLE phenotype suggesting a stronger involvement of 

cytotoxic T-cells in JSLE pathogenesis compared to helper T-cells. Work by 

McKinney et al. identified a transcriptional profile in CD8+ T cells that could predict 

the long-term prognosis of SLE including levels of autoantibodies, immune complex 

deposition and clinical manifestations. The poor prognostic group had an enrichment 

of genes involved T cell receptor (TCR) signalling and this was associated with an 

expanded CD8+ T-cell memory compartment [233]. Although this contradicts the 

increase in memory cells found in JSLE, it supports a significant role of CD8 T-cells 

in disease. 

A significant increase in transitional (Bm2’) B-cells and plasmablasts (Bm3-4) cells 

was identified here in JSLE supporting the increased dsDNA concentrations 

associated with disease [23]. In addition, it has been found  previously in JSLE and 

in adults with SLE that increased CD27++ plasmablast cell numbers associated with 

disease activity [234]. Another study used transcriptional profiling of 158 young 

lupus patients up to a period of 4 years identified a plasmablast signature as one of 

the most prevalent associated with disease activity [218]. Analysis of this data in 

each stratified patient group identified this increased plasmablast frequency in 

Group 1, the group with the highest disease activity, but not group 2 or 3. Group 1 

also had increased CD4 and CD8 T-cell activity associated with the global JSLE 

phenotype. This was also seen in Group 3 suggesting this may be a result of a 

decrease in the serum HDL/ApoA1 compartment. Reduced clearance of lipids 

through HDL from immune cells may increase lipid rafts and thus cell activity. 

Interestingly, an increased activity of CD4 T-cells in Group 1 was associated with a 

decrease in CD4 frequency, whereas CD8 T-cell activity was associated with 

increased frequency. This supports a more prevalent role of cytotoxic T-cells in 
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disease and/or suggests a reduced apoptotic threshold in CD4 T-cells compared to 

CD8. More CD8 T-cell research is required in JSLE studies. Regarding CD69, 

studies have shown an increase in SLE T-cells following stimulation in vitro [235]; 

another study found that CD69 knockout in mice results in enhanced susceptibility to 

certain inflammatory diseases [236]. This may be due to its differential associations 

with CD4 and CD8 subsets. Finally, the naïve (Bm1) signature associated with JSLE 

was identified in Group 1, with the transitional (Bm2’) and monocyte (CD14) 

compartment associated with Group 3. Lipoprotein metabolism therefore has both 

clinical and fundamental immunological effects on human physiology in JSLE. 

It was striking to see such complex differences in the immunological phenotype-

phenotype correlation profile of JSLE patients to HCs. This has never been looked 

at before and provides valuable information regarding differential cell interactions 

that take place in disease development. The method of unbiased analysis has 

however been used to identify immunologic signatures in MS patients on 4 current 

immunomodulatory treatments (on and off treatment) [205]. This systems level 

approach was also used for population-level description of the human immune 

system. In this study 50% less immunological variation was found between 

individuals who share an environment (cohabitate). I adapted the method to 

compare immune cell co-regulation and interaction in JSLE, HCs and between the 3 

stratified groups. JSLE Bm2’ (transitional) B-cells had a positive correlation with 

central memory and activated T-cell subsets and this was not seen in HCs; this may 

be due to increased antigen presentation from B-cells and increased help from T-

cells, both promoting inflammation. Even more pronounced differences were seen 

between the JSLE patient groups. In addition, similarities were also found between 

Group 1 and 3 as well as Group 1 and 2. Group 1 and 3 have low HDL/ApoA1 in 

common whereas Group 1 and 2 have little in common regarding their lipid 

metabolism. This suggests another factor may be driving the similarities here. Thus, 

a differential cell phenotype is supported by changes in serum lipid metabolism and 

lipid raft expression; lipid modifying therapies and/or diet in the treatment of lupus 

patients with a high ApoB:A1 ratio could therefore hold great promise.  

4.5.3. Therapeutic prospects 

Our previous work demonstrates that clinically approved drugs, statins (known to 

reduce blood cholesterol) and inhibitors of glycolipid biosynthesis (miglustat) [117, 

158] can reverse SLE-associated immune cell defects in vitro. These effects were 

achieved selectively via reduction of membrane fats, raising the possibility that 
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targeting membrane fats could control immune cell activation and may be a novel 

therapeutic target for autoimmunity. Importantly, immune cell fats are now 

recognised as targets for immunotherapies in cancer e.g. Inhibition of ACAT1 

(cholesterol esterification enzyme that increases immune cell cholesterol levels) 

improves the efficacy of anti-PD1 therapy in melanoma [237] and resistance to 

therapy in patients with ER+breast cancer is associated with upregulated cholesterol 

biosynthesis enzymes which is reversed experimentally by targeting fat biosynthesis 

pathways [238]. Statins are currently being trialled as a new therapy for patients with 

multiple sclerosis [99]. However, as discussed in the introduction, evidence that 

statins are beneficial in SLE patients in terms of reducing cardiovascular risk and/or 

inflammation is controversial. Various studies have trialled the use of statins in SLE 

with mixed outcomes, some showing beneficial outcomes [100-102, 239], and some 

not meeting their target such as the Lupus Atherosclerosis Prevention Study (LAPS) 

[104] in adults and the Atherosclerosis Prevention in Paediatric Lupus 

Erythematosus (APPLE) trial [105]. As supported by the work here, the poor 

outcome of these trials likely due to patient heterogeneity and unsuitable primary 

outcome measures; the future of these will depend on correct stratification of 

patients [109, 110]; the measurement of a more specific biomarker such as the 

ApoB:A1 ratio could play a huge role here in identifying the correct patient group for 

these trials.  

Another option for lipid lowering therapy in SLE is the proprotein convertase 

subtilisin/kexin type 9 (PCSK9) inhibitors. Inhibition of PCSK9 results in increased 

LDLR expression and increased uptake of LDL from serum, thus reducing 

circulating LDL [240]. A comparative study between PCSK9 inhibitors (evolocumab) 

and statins (atorvastatin) showed that statins, but not PCSK9 inhibitors, reduced 

plasma TG levels and levels of a specific subset of ApoB (ApoB-48) [241]. In 

addition, another comparative study on 228 circulating metabolic measures showed 

similar effects of statins and PCSK9 genetic inhibition on lipoprotein lipid 

composition and fatty acid balance however PCSK9 inhibition showed 

weaker effects on the lowering of VLDL-cholesterol [242]. The effect of PCSK9 

inhibitors on lipid rafts has not been studied and therefore may not be as beneficial 

as statins on both serum and membrane lipids. In addition, PCSK9 inhibitors are a 

more expensive, injected therapy as opposed to a cheaper tablet option with statins 

[240]. 
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Dietary intervention aimed at altering blood fat levels has also been shown to be 

beneficial in SLE by reducing disease activity scores [107, 108].  A study that 

implicated a 6 month diet/lifestyle intervention in obese pre-pubertal children 

identified a significant reduction in BMI but also in sphingolipid metabolites including 

sphingomyelin and ceramide species, both major contributors to plasma membrane 

lipid rafts [243]. Studies in older adults have also been carried out; a 13 week long 

12.5% caloric restriction and 12.5% increase in energy expenditure, through 

physical activity, in 164 older adults resulted in significantly improved BMI, blood 

pressure and lipid profile [244]. This supported data from a previous study carried 

out following a diet intervention in children through to adulthood [179]. In this study 

multiple serum samples were taken from children from the age of 9-19 years during 

which dietary counselling was implicated aimed at reducing the proportion of 

saturated fat intake. This intervention resulted in increased PUFA and reduced SFA, 

IDL and LDL in boys and girls. Interestingly MUFA were reduced in males only, 

likely due to natural hormonal protection in females at puberty [179]. Nutritional 

intervention through increased dietary intake of omega-3 FAs has also shown 

promise for cardiovascular risk in SLE. A study in JSLE induced  an increase in 

HDL-C [107] and another study in adult SLE showed a 38% decrease in serum TG, 

a 39% reduction in VLDL cholesterol as well as a 28% increase in HDL-C [245]. A 

diet intervention and fish oil supplementation study in paediatric SLE patients with 

dyslipoproteinemia resulted in a significant decrease in serum triglyceride 

concentrations over 6 weeks which was reduced further by the addition of fish oils 

for a further 6 weeks [246]. This demonstrates that diet supplements could be a 

promising therapeutic option for disease. It has also been shown that the mode of 

omega-3 FA intake is important; high-quality fish oil has a more favourable effect 

than oxidised fish oil on IDL and LDL [247]. In addition, a trial held in an Indonesian 

population using plant stanols as esters in a smoothie drink demonstrated that these 

are effective cholesterol lowering supplements; LDL cholesterol reduced by 9% in 4 

weeks and total cholesterol was reduced by 5.7%. [248]. These approaches of 

targeted intervention could be of huge benefit to lupus patients with a high ApoB:A1 

ratio to improve lipoprotein metabolism and reduce lipid rafts. I suggest that patients 

with a more pro-atherogenic lipid profile, Group 1, may respond better to statin 

treatment and/or diet intervention due to their more pro-atherogenic and worsened 

disease profile. Combining fat modifying therapies with established lupus treatments 

may also be of benefit. In support of this, hydroxychloroquine, of which 89% of this 

JSLE cohort are treated with, has been shown to lower LDL levels in lupus patients 

[94, 249, 250]. A promising opportunity for personalised nutritional therapy has been 
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validated by Zeevi et al [251]. This was a diabetes predictive study that measured 

post-meal glucose levels in an 800-person cohort. They identified high variability 

between individuals that could then be predicted and used for stratification for 

specific short-term personalised dietary interventions to manage glucose levels. A 

similar technique could be developed in (J)SLE regarding lipid levels to allow for a 

more personalised approach to lipid modification therapy. 

Together, I present here a strong case that lipid modification will benefit JSLE 

patients in both inflammatory and cardiovascular aspects of the disease, however 

the performance of these treatments will be depend on careful patient stratification. 

  



160 
 

 

Chapter V: 
Results 3 
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5. RESULTS 3 – A cost and time effective method to obtain 

patient opinion on using diet to improve symptoms in SLE 

5.1. Introduction and aims for this chapter 

Published data is difficult to find regarding patient opinion in basic science research. 

It is of huge importance to relate research to patient’s experience. This way the 

patients learn about the research being carried out regarding their disease and we 

as researchers learn how the work can impact the patient community. Patient 

engagement also allows us to gain information on the compliance and compatibility 

of patients with future therapeutic intervention ideas. 

The work described in the previous chapter has established a possible opportunity 

for diet intervention in the management of JSLE symptoms and atherosclerotic risk. 

In this chapter my aim was to put out an online survey asking patients with lupus to 

provide feedback on their experiences with diet and to give ideas on what they feel 

we should be researching. The secondary objective was to follow up the evidence 

from a study carried out with APS patients that showed that this method of patient 

interaction with research can be very simple as well as time and cost effective [252].  

Finally, following this work I aim to validate the findings with a Patient and Public 

Involvement and Engagement (PPIE) event. I plan to get lupus patient attendees to 

carry out and discuss the survey to get qualitative data around diet and disease. 
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5.2. Results 

A 15 question survey was set up using the survey monkey website 

(www.surveymonkey.com) to obtain lupus patient opinion on the use of diet in lupus 

therapy as well as information on their experiences with diet and disease. A lay 

summary of our research proposal as well as a brief description of the survey 

preceded the questions (Figure 5.2-1). After 3 weeks of social media promotion by 

various lupus charities I obtained 300 responses (Figure 5.2-2 A).  

I had a gradual increase in survey responses through the use of twitter to publicise 

the survey link across the lupus community (Figure 5.2-2). This was through the aid 

of charities such as Arthritis Research UK (ARUK) and the Lupus Research Alliance 

(US based association), awareness groups including Lupus Science & Medicine and 

Dr Rheum, and also university related groups such as UCL Faculty of Medical 

Science, APS research, young people united and UCLH/UCL NIHR BRC. An article 

was included on the NHS web page by NIHR CRN North Thames. This initial 

response of around 100 plateaued at the end of week 1 where a twitter post from 

Lupus UK (https://twitter.com/LUPUSUK/status/994647904907399172), containing 

our survey weblink, boosted another 70-80 responses. Finally after contacting Lupus 

UK directly they posted the survey weblink on their facebook page and to their 

community forum which resulted in the biggest increase in responses to a total of 

300 by the end of week 3. The questions and response summaries are shown in 

Figure 5.2-2. 

Question 1- Do you have Systemic Lupus Erythematosus? 

Of the 300 respondents, 284 said yes to having SLE. Based on the style of 

responses from the other 16 it was possible that they have another autoimmune 

disease, however these were left out of the analysis. 

Question 2- Which gender are you? 

98.59% of respondents were female; only 4 out of the total 284 responses were 

from male patients. 

Question 3- How old are you?  

There was a fairly even spread of survey responses across the age groups between 

the ages of 18 and 64. Responses from patients younger than 24 and older than 65 

were not as frequent. Of note, the 45-54 age bracket provided the most responses 

making up 30.63% of the total.  
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Question 4- How important do you think diet is in controlling symptoms for 

your lupus? 

This question allowed patients to provide a score between 1-10; an average of 

5.88/10 was scored for how important they felt diet was for controlling disease 

symptoms. 

Question 5- Has your doctor ever spoken to you about your diet?  

Only 24.11% of patient’s doctors had ever spoken to them about diet. This means 

that based on this survey, around 1 in every 4 patients have ever been spoken to 

about diet by their doctor in the clinic. 

Question 6- Have you previously tried a particular diet? If yes please specify 

which type?  

When asked if they had tried specific types of diet type I found that 35.82% of 

patients had not tried diet at all. Of those who had the most popular diets were 

slimming world, weightwatchers, paleo and atkins (Figure 5.2-2). The majority of 

patients however selected ‘other’; here the 2 most popular diets written by patients 

were gluten free and low carbohydrate (Table 5.2-1).  

Question 7- Why did you begin the diet(s)? 

The most common reason for starting the diet was to lose weight (48.61%) followed 

by to improve their disease (26.53%) and to look good (9.80%). Only 8.16% of 

patients started their diet due to doctor’s recommendation (Figure 5.2-2). The most 

popular free text response under the ‘other’ option was to get healthier and for 

allergies (Table 5.2-1). 

Question 8- Did you benefit from the diet? If yes how? 

From those that had been on a diet only 7.06% of patients did not benefit however 

43.87 lost weight and 22% had improved disease symptoms and mood as a result of 

their diet. 21.19% felt happier in their image and 14.5% had improved fitness. In the 

‘other’ responses 9% of patients had reduced fatigue and pain (Table 5.2-1).  

Question 9- Did you use an App to monitor your diet? 

Only 27.24% of patients used an app to monitor their diet. 

Question 10- How valuable is it to you to know whether diet influences lupus? 

When asked to rate out of 10 how valuable it is for patients to know how diet 

influences disease an average rating of 8.47/10 was answered (Figure 5.2-2).  
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Question 11- Do you think it is important for doctors to know whether diet can 

influence disease? 

99.29% felt that it is important for doctors to know if diet influences disease.  

Question 12- Would you change your diet if you thought it would help your 

lupus? 

Almost every patient said that they would change their diet if they knew it would help 

their disease symptoms with 85.92% saying yes and a further 13.73% saying yes if 

recommended by their doctor.  

Question 13- Do you take any regular dietary supplements? 

70.03% of patients take dietary supplements, the most popular being vitamin D 

(29%), iron (13%), multivitamins (12%) and fish oils (7%).  

Question 14- In the future would you consider taking part in a clinical study to 

investigate whether diet/dietary supplements can reduce disease symptoms? 

I asked patients if they would be interested in taking part in a diet trial in the future 

with the primary outcome to reduce disease symptoms. 82.62% of patients said yes 

(Figure 5.2-2). 

Question 15- Optional: What research questions do you think we should 

investigate? 

Finally I left an optional free text opportunity where I asked patients to state research 

questions that they feel we should be investigating. 125 patients left a response to 

this question out of the total 284 (44%). The analysis of these results was carried 

out using wordmap software to visualise the most commonly mentioned ideas 

(Figure 5.2-2). Top responses included diet, foods, symptoms, SLE, fatigue and 

flare ups and other responses such as supplements, gut microbiome, dairy, stress 

and oils being stated (Table 5.2-2). 

This survey has shown that it is possible to obtain fast, cost effective patient opinion 

online through social media promotion and provides a great template for future 

studies. The information gained here will give evidence and detail to the interest in 

patient and research driven diet intervention trials in SLE.   
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Figure 5.2-1: Lay research summary and survey description given to patients 
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Figure 5.2-2: Results from an online survey asking patients about diet and 
SLE 
Results from a 3 week anonymous 15 question survey (Survey Monkey) asking 
lupus patients about their diet and disease experience as well as feedback on what 
topics the patients themselves feel we should be focusing research on. [Top left]: 
Cumulative number of responses over the 3 weeks that the survey was publically 
accessible. Social media promotional help from various charities is highlighted with 
a particular acknowledgement to Lupus UK who helped greatly with survey 
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responses. [Grid]: Pie charts display data as percentages. 0-10 graphs display the 
average response from rating scale questions. [Bottom right of grid]: Text cloud 
analysis, using ‘wordcloud’ software, of free text from an optional question in the 
survey asking for patient ideas for research. The size of the wording represents the 
frequency of times the word was found in the survey. 
 
 
 
 
 
 
Table 5.2-1: Summary data of free text (other) responses attached to 
questions 6-8 asked in the survey 
 
Question 6- Have 
you previously tried a 
particular diet? If yes 
please specify which 
type?  (other): 

  

Question 7- Why 
did you begin the 
diet(s)?  (other): 

  

Question 8- Did 
you benefit from 
the diet? If yes 
how? (other): 

 Diet % 
 

Reason: % 
 

Benefit: % 

Low/no gluten 20 
 

Get healthier 16 
 

Less fatigue 9 

Low carbohydrate 13 
 

Allergies 12 
 

Reduced pain 9 

General healthy 
eating 8 

 
Gluten related 7 

 
Less nausea 6 

Vegan 8 
 

Moral reasons 7 
 

Reduced flares 6 

5:2 7 
 

For research 5 
 

Lowered 
cholesterol 3 

Lactose free 6 
 

High cholesterol 5 
   Calorie counting 4 

 
Reduce fatigue 5 

   Low fat 4 
 

Improve nausea 2 
   

Vegetarian 4 
 

Reduce blood 
pressure 2 

   Autoimmune 
protocol 3 

      Foodmap 3 
      More fish 3 
      No red meat 3 
      Vitamin/mineral 

supplements 2 
      Elimination diet 1 
      Low salt 1 
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Table 5.2-2: Summary data from text analysis of responses to question 15- 
What research questions do you think we should investigate? 

Word % of total responses Number of times mentioned 

Diet 30.4 38 

Foods 25.6 32 

Symptoms 20 25 

SLE 12 15 

Fatigue 8 10 

Flare Ups 7.2 9 

Affect Lupus 5.6 7 

Dairy 4.8 6 

Immune System 4 5 

Cause Flares 4 5 

Supplements 4 5 

Vitamins 4 5 

Help Reduce 4 5 

Autoimmune Disease 3.2 4 

Stress 3.2 4 

Microbiome 2.4 3 

Gut Bacteria 2.4 3 

Long Term 2.4 3 

Medical Profession 1.6 2 

Medicine 1.6 2 

Kidney 1.6 2 

Note 1.6 2 

Oils 1.6 2 

Physical 1.6 2 

React 1.6 2 

Water 1.6 2 

Vegan 1.6 2 
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5.3. Discussion 

Here I have designed a simple, cost and time effective diet survey to maximise the 

translational aspect of my research through PPIE. Patients provided their opinion on 

my research and details on their experiences with diet. This will help teach us how 

to approach both future research and clinical trial design. This work has also allowed 

me to feedback research results and ideas to the SLE community, allowing patients 

to become involved in research. Both patients and researchers need to 

communicate to benefit the future outcome of disease experience for patients. 

5.3.1. Cost and time effectiveness 

There have been few previous attempts to use this approach for PPIE regarding 

basic science research; an example of its effectiveness however was demonstrated 

by McDonnell et al. where a similar number of responses were gathered over a 3 

week period to assess which research topics are of most interest to patients with 

SLE and/or APS [252]. PPIE can be a time consuming and costly experience and 

studies have attempted to address this issue [253, 254]. An example of this is a 

study that attempted to get patient opinion on a research question in asthma [255]. 

This study involved postal distribution of the survey to 1146 participants, which was 

open to responses for 3 months, as well as a 3 week online post of the survey on a 

relevant charity website. The study costed £29,000 and obtained 370 responses 

over the 3 month period [255]; Here I have obtained 300 responses from a 3 week 

online survey using the power of charity based and individual social media pages for 

promotion. No physical copies of the survey were distributed and therefore there 

were no printing costs; all responses were from anonymous patients following an 

online link on websites and social media pages. This costed a total of £35, the price 

of a 1 month subscription to the online survey platform (Survey Monkey). 

It is clear that utilising charities related to the disease group is key to making this 

approach to PPIE work, with LUPUS UK boosting my responses by around 100 from 

a twitter post and around another 100 from a Facebook post. Many other twitter 

pages helped promote the survey throughout including less relevant charity groups, 

individual clinicians and other research labs. It was a combination of all of these 

factors that helped reach 300 responses over the 3 week period. Leaving an extra 

week on the end of the 1 month subscription to Survey Monkey provided enough 

time to extract and analyse the data. 
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5.3.2. Survey responses 

Breaking down the responses of this survey, it was expected that the majority 

(98.59%) of the respondents would be female due to the sex bias of the disease 

[128]. The even spread of responses across the age groups between the ages of 18 

and 64 was surprising considering social media is believed to be more popular 

amongst the younger age groups; in 2017 96% of people aged 16–24 used social 

media platforms whereas this was only 68% aged 45–54 years (www.ons. gov.uk). It 

was of little surprise that a lack of responses came from under 18’s and over 64’s as 

this is likely due to lack of access to/interest in social media. Therefore this 

approach for gaining public responses for research would not be as beneficial for 

diseases common in young children and elderly people. 

Based on this survey 1 in 4 patients had been spoken to about diet by their doctors. 

Despite this patients gave a score of 8.47/10 as to how important they think it is for 

patients to know if diet influences their lupus and 99% think it is important their 

doctor knows how diet can influence lupus. A striking 100% of patients said they 

would change their diet if they knew it would help their disease symptoms 

highlighting the amazing compliance patients would give to this approach to therapy. 

Despite this, 36% of patients had never been on any form of diet and of those that 

had been on a diet only 26% of these went on the diet to improve their disease 

symptoms; this is likely due to the lack of doctors speaking to their patients about 

this. Of those patients that had been on a diet, 22% claimed to have had a notable 

improvement in disease symptoms, thus supporting this research hypothesis. 

Weight watchers and Slimming World were the most popular diet types in this 

survey, something that could be considered in future diet trial design as patients 

may be keener to try these styles of diet. In addition, only 72% of patients used an 

app for their diet, another point of consideration. I also asked the patients what 

supplements they take. The reason for this is because certain supplements such as 

fish oils have had proven benefits on lipid profile [179, 245] and thus provides 

another consideration in a diet intervention to improve disease. It was no surprise to 

see that 70% of patients were taking supplements as common symptoms on SLE 

include vitamin D and iron deficiency [256]; it was interesting however to see that 

only 7% of the patients taking supplements were taking fish oil supplements.  

Patients were given the option to suggest research questions in a free text box. This 

provided very interesting data that may significantly benefit future research. The aim 

of this option was also to give patients a feeling of involvement in research following 
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the survey. Text analysis from patient responses revealed common interests, such 

as flare-ups and fatigue. As mentioned previously, between 40% and 50% of adults 

with SLE are classified as obese [222-225] and patients with obesity have increased 

fatigue and disease activity [226]. Davies et al conducted a diet trial in SLE 

comparing 23 patients on a low glycemic index diet to a low calorie diet for 6 weeks 

[257]. Both diets were effective in reducing fatigue and both helped patients to lose 

weight. In addition, both diets were well tolerated, with mild adverse effects including 

no increase in disease activity. This supports a role for diet in controlling disease 

symptoms and demonstrates how a research and patient driven idea can provide 

beneficial results. 

5.3.3. Future prospects 

Clearly there is a huge lack of knowledge and education surrounding this area of 

research and this needs to be addressed and acted upon. If diet really can help 

lupus, patients are clearly keen to participate in this method of disease control and 

will remove the dependence of patients on drugs. Further investigation will require 

research and patient driven diet intervention trials with close monitoring of disease 

symptoms and cardiovascular risk. Due to the lack of previous lipid lowering lupus 

trials reaching their primary target [104, 105] this approach may need to incorporate 

the patient stratification techniques described by this research combined with better 

patient group targeted diets to tackle lipids associated with JSLE. Allowing patient 

involvement will benefit trial design to control for diets that are unrealistic and hard 

to stick with to maximise goal outcomes and long term feasibility of the therapeutic 

method.  

This PPIE approach is not restricted to diet research. Patient involvement in 

research is beneficial in all sectors and should be a compulsory aspect of 

translational research to improve the future of research into these diseases [252, 

253, 258]. Not only has this helped my research but this work has shown that it is 

possible to conduct a cost effective, short survey online and get high volume 

response through social media promotion. The volume and distribution of responses 

highlights the enthusiasm and interest SLE patients have for diet related research. 

This approach to PPIE however also has limitations. Responses gathered through 

this type of survey can only be obtained from patients with access to social media 

and/or the internet. Not only this but social media users could be classed as a 

specific demographic altogether. The use of social media also adds a bias towards 

responses from younger patients, although data obtained here suggests otherwise; 
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an even spread of responses were gathered from patients between the ages of 18 

and 65. Another limitation to this approach is the language barrier; the lay summary 

and questions could however be translated in future. Finally, this approach leaves 

no opportunity for follow up questions as responses are anonymous. 

Data from a recent study has been published where 26 young patients with JSLE 

were asked what they felt the top priorities of lupus research should be [258]. Using 

face-to-face interviews, the participants prioritised research that managed the 

psychological burden of SLE. Although this approach is different to the one I have 

used, there are clearly benefits of qualitative face-to-face feedback that cannot be 

achieved through a more quantitative survey approach. With this in mind, my lab 

group and I are now planning a PPIE event to validate the findings from the survey 

with face-to-face communication with patients. This will allow discussion to take 

place surrounding specific questions in the survey. This event will also allow us to 

get patient feedback on the feasibility of a diet intervention trial. This includes 

aspects such as trial design, length, barriers that could be encountered and the 

most efficient ways to record foods they have eaten. The importance of this was 

highlighted by a comparative study by Akbaraly et al. [259] assessing the 

relationship between blood lipid levels and adherence to dietary recommendations, 

using the Alternative Healthy Eating Index (AHEI), in 2 dietary intervention trials 

[179, 260]. This study highlighted 41 metabolites significantly associated with AHEI 

score including a positive association with an anti-atherogenic lipid profile. Lower 

concentrations of VLDL, IDL and LDL, free cholesterol, saturated and 

monounsaturated fatty acids were observed as well as increased omega-3 and 

omega-6 levels. Considering patient opinion in the design of diet trial is therefore of 

great importance to ensure a maximum AHEI is achieved.  

Combining information from the survey and the PPIE event will provide us with a 

powerful patient driven platform to design a diet trial; the primary outcome being 

improved disease symptoms and quality of life.  
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Concluding statement 

I have identified several fundamental biological differences between healthy males 

and females including variances in Treg frequency and function as well as systemic 

lipid metabolism that could help shape research into metabolic and autoimmune 

diseases. By relating these to JSLE I have begun to identify a mechanism by which 

hormone signalling could pay a role in driving the immunopathogensis of JSLE 

through changes in lipoprotein metabolism.  

In a recent review of the pathophysiological concepts and treatment options for 

JSLE, Hedrich et al concluded with 4 future priorities for JSLE research [17]: 

 Evaluation of genetic and/or environmental contributors in JSLE 

 Patient stratification based on molecular mechanisms for biomarker identification 

 Therapeutic targeting of these molecular pathways involved in JSLE to reduce 

treatment-associated side effects 

 More randomised controlled clinical trials 

Here I have addressed all of these points through identification of a novel role for 

diet and/or therapeutic targeting of lipid metabolism in JSLE through patient 

phenotype stratification; this opens a new therapeutic avenue for clinical trials in the 

treatment and management of JSLE. Through patient feedback I know that this is an 

area of research that patients are very interested in, however feel is neglected in a 

clinical setting. I now hope to further this research and raise awareness about the 

importance of diet and how it could directly influence a patients experience with 

lupus. This research holds an exciting future and will hopefully have a great impact 

on JSLE research and treatment. 
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Future work aims 

Based on the above findings I now aim to: 

Sex differences: 

 Investigate further the role of estrogen in lipid metabolism and mechanistic 

differences in JSLE. This will involve genetic analysis in JSLE compared to 

healthy controls and further estrogen culture experiments to assess lipid 

metabolic responses in healthy controls and JSLE patients. 

JSLE, cardiovascular risk and diet trial: 

 Confirm these results in a second (validation) cohort of JSLE patients; this is to 

make sure that the first sets of results are reliable and repeatable.  

 Assess the results longitudinally following these same patients at 6 month time 

periods to investigate how stable the lipid profile is over time and see how 

disease presentation and treatment also influences this. 

 Perform RNAseq on isolated immune cell subsets from each patient group to 

identify differences in metabolic mechanisms and further therapeutic biomarkers. 

 Identify potential drugs or dietary/lifestyle interventions for future clinical studies 

tailored for patients in Groups 1-3 that have different fat profiles. This will involve 

feedback from young people with JSLE in the design of such studies.  

Other: 

 Develop new ways to analyse all the detailed information we have gathered in 

the last three years about the 35 JSLE patients. For each patient we have (or 

will have in the next 6 months) information about 44 different immune cell 

subsets, genes in different immune cells, lipids in immune cells and the blood 

(over 200 biomarkers), inflammatory markers and hormones. We want to match 

this information with clinical features of the JSLE patients. This complex analysis 

will need the help of an expert in data analysis and help in developing an 

analysis pipeline to do this. This type of analysis will help to identify patterns that 

explain the underlying disease mechanisms in JSLE patients. 
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Publications, accepted abstracts and teaching 

Publication 

 Robinson, G.A., et al., Transcriptional Regulation of T-Cell Lipid Metabolism: 

Implications for Plasma Membrane Lipid Rafts and T-Cell Function. Frontiers in 

Immunology, 2017. 8: p. 10.  

Oral presentations: 

 BSR 2017 (Birmingham) 'Understanding the immunopathogenesis of juvenile-

onset SLE using immune and metabolic phenotyping' 

 UCL Division of Medicine research retreat 2017 (won the PhD competition) 

(London) 'Gender-associated differences in T-cell function could be associated 

with altered lipid metabolism and plasma membrane lipid composition' 

 PReS/YIM 2017 (Athens): ‘Understanding the immunopathogenesis of juvenile-

onset SLE using immune and metabolic phenotyping’ 

 BSI London inflammatory group meeting 2017 (London) ‘The 

immunopathogenesis of juvenile-onset SLE could be associated with altered 

plasma membrane lipids and lipoprotein metabolism’ 

 ACR 2017 (San Diego) ‘Using immune and metabolic phenotyping to 

understand the immunopathogenesis of juvenile-onset SLE and stratify patient 

groups’ 

 UCL Faculty of Medical Sciences Dean’s Research Prize Event (London) (won 

the runner up prize) ‘Blood fats in juvenile-onset SLE: an opportunity for 

stratified patient therapy’ 

 BSI 2017 (PhD Bright Spark presentation and main congress) (Brighton) ‘Sex 

differences in T-cell function could be associated with altered plasma membrane 

lipids and lipoprotein metabolism’ 

 BSR 2018 (Liverpool) ‘The immunopathogenesis of juvenile-onset SLE could be 

associated with altered immune cell plasma membrane lipids and lipoprotein 

metabolism’ 

Poster presentations: 

 Rosetrees PhD symposium 2016 (London) 'Gender-related differences in T-cell 

function could be associated with altered plasma membrane lipid composition' 
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 Adolescent Rheumatology symposium 2017 (London) 'Understanding the 

immunopathogenesis of juvenile onset SLE: could gender differences be the 

key?' 

 BSI 2016 (Liverpool) 'Understanding the immunopathogenesis of juvenile 

onset SLE: could gender differences be the key?' 

 Immunometabolism keystone 2017 (Dublin) 'Gender-associated differences in T-

cell function could be associated with altered lipid metabolism and plasma 

membrane lipid composition' 

 PReS/YIM 2017 (Athens): ‘Understanding the immunopathogenesis of juvenile-

onset SLE using immune and metabolic phenotyping’ 

 SLEuro 2018 (Düsseldorf): Juvenile-onset SLE immunopathogenesis could be 

associated with altered immune cell plasma membrane lipids and lipoprotein 

metabolism 

Teaching: 

 I supervised a Masters student with a project designed by myself and the 

student 

 I part supervised a BSc student within our research group 
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