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organ specific systemic

Autoimmune diseases



Medical history

• eczematous skin lesions since 2005

• scaring alopecia since 2006

• arthritis of the joints of fingers and toes since 2011

• Fatigue

• anxiety disorder/depression

Histology

• Skin biopsy: Interface-Dermatitis with

vacuoles

J.S. 1971



Laboratory results

• Immune serology

• ANA increased with increased anti SSA-, anti SS-B-, anti ds-DNA-, anti SmD-, 

anti-C1q-, anti Cardiolipid IgM- antibodies

• complement factors C3 und C4 decreased

• Hematology

• lymphopenia; hemoglobin and platelets normal

• Kidney- and liver parameter normal, urine sediment normal

J.S. 1971



Systemic Lupus International Collaborating Clinics (SLICC) criteria

Petri M et al. Arthritis Rheum. 2012 Aug;64(8):2677-86.

Clinical Criteria

• Acute cutaneous LE

• Chronic cutaneous LE

• Oral or nasal ulcers

• Non-scarring alopecia

• Arthritis 

• Serositis

• Renal (Protein / Crea Ratio or Protein 24h 

urine >0.5g)

• Neurologic (seizures, psychosis, Myelitis)

• Hemolytic anemia

• Leukopenie (<4000/mL) or Lymphopenie

(<1000/mL)

• Thrombozytopenia (<100.000/mL)

Immunologic Criteria

• ANA-Titer

• Anti-dsDNA

• Anti-Sm

• Anti-Phospholipid Ab

• Low complement (C3, C4, CH50)

• Direct Coombs -Test (not with hemolytic

anemia)

Classification as SLE: 

• ≥ 4 criteria positiv (at least 1 clinical and 1 

Iaboratory criteria)

OR

• Positive ANA or anti-dsDNA with biopsy

proven Lupus-Nephritis

Systemic Lupus erythematodes (SLE)



Tsokos. NEJM. 2011

Systemic Lupus erythematodes (SLE)
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Differentiaton of self and non-self

Immunotolerance



Gregory Feero W et al. NEJM 2011

Immunotolerance



• Excessive/uncontrolled immune 

mediated inflammation with damage of

own cells/tissues

Dysregulation of the immune system

• Defence against infections

• Elimination of tumor cells

• Elimination of cell debris

• Defence of foreign cells (transplant)

• Elimination/supression of autoreactive

immune cells  immunotolerance

Autoimmunity



• Genetic mutations

 in the MHC-Region on chromosome 6 

 of the innate immune function (eg NOD2-Protein M. Crohn)

 of cell-receptors

 of cytokines and cytokine-receptors (IL-23)

 of transcription factors

• Environmental factors

 Infections

 smoking

 Microbiotica-nutrition

 Toxins (dioxin)

Selective survival advantage

In a highly infectious environment?

on a defined genetic background

a specific environmental trigger becomes a risk

factor for developing autoimmune disease

Dysregulation of the immune system

Autoimmunity



Kuchroo VK et al. Nature Medicine 2012

• Reduced Treg number and/or failure in their function

CO M M EN TA RY
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and the development of immune-mediated 

diseases that has been identified in the last 

few years is the commensal gut microbiota. 

The gut harbors trillions of microbes, which 

are in close contact with the gut mucosa18. 

The gut microbiota develop a symbiotic rela-

tionship with the immune system; however, 

their presence is not entirely innocuous but, 

these AHR ligands affect the innate immune 

responses, these data provide support for a 

mechanism in which environmental toxins, 

by binding to specific receptors expressed in 

the immune system, induce or suppress effec-

tor immune responses.

Perhaps the environmental factor with the 

most substantial effect on immune function 

the risk of rheumatoid arthritis by 20-fold8. 

In the subgroup of individuals with rheuma-

toid arthritis who smoke, smoking is believed 

to citrullinate a subset of proteins (including 

enolase and vimentin, among others) in the 

lung, which induces an arthritogenic immune 

response in individuals that have a defined set 

of MHC class II molecules (human leukocyte 

antigen (HLA)-DRB1 molecules that present 

the shared epitope)8. The presence of serum 

antibodies to citrullinated proteins (termed 

anti-citrullinated protein antibodies) has pro-

vided a crucial biomarker for the diagnosis of 

rheumatoid arthritis in this subset of individu-

als and can be used to stratify patients and pre-

dict the outcome of certain interventions. The 

interplay between genetic susceptibility and an 

environmental trigger is further illustrated by 

interactions between a risk allele for Crohn’s 

disease, ATG 16L1 and noravirus, a common 

enteric viral pathogen. In a study by Cadwell 

et al.10, hypomorph mice with the ATG 16L1 

susceptibility allele that were infected with a 

particular strain of murine noravirus showed 

increased susceptibility to induced colitis, 

which was in contrast to the low susceptibil-

ity to colitis seen in noninfected ATG 16L1 

hypomorph mice, ATG 16L1 hypomorph mice 

infected with a different noravirus strain and 

wild-type mice infected with the colitogenic 

noravirus. These results suggest a specificity 

of both the host genetic factors and the infec-

tious triggers contributing to disease suscepti-

bility and emphasize that on a defined genetic 

background, a specific environmental trigger 

becomes a risk factor for developing autoim-

mune disease.

As with smoking and infections, environ-

mental toxins are known to trigger autoim-

mune diseases. A well-known environmental 

toxin, dioxin, has been shown to modulate 

immune responses, but the molecular basis 

for this effect is just beginning to be defined. 

Dioxin binds to the aryl hydrocarbon recep-

tor (AHR), a ligand-dependent transcription 

factor that is differentially expressed in differ-

ent subsets of T cells11. In addition, AHR has 

been shown to be expressed in dendritic cells 

as well12. AHR is expressed in both highly 

proinflammatory type 17 T helper (TH17) 

cells and regulatory T cells (both forkhead 

box P3–positive (Foxp3+) regulatory T (Treg) 

and type 1 regulatory T (Tr1) cells) 11,13–15. 

The nature of the AHR-driven immune 

response depends on the specific AHR ligand. 

Some ligands (such as 6-formylino[3,2-b] 

carbazole) activate proinflammatory TH17 

cells and induce autoimmunity, whereas 

others (such as kynurenine or TCDD) acti-

vate Treg and Tr1 cells and suppress autoim-

munity11,13,16,17. Although it is unclear how 
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Immune homeostasis

 Regulatory cells (T reg, Tr1)
¯ Pathogenic T effector cells (TH1, TH17,  TFH) 

Autoimmunity

¯ Regulatory cell (Treg, Tr1) numbers and suppression
 Pathogenic T effector cells (TH1, TH17,  TFH) 

APC

T cell

TGF-b

+

IL-12
IFNg

IL-17
IL-22

IL-21
Autoantibody

production

PSA

Bacteroides
fragilis

SFB

+

a

b

Treg

Treg

Treg

T-bet

Treg

STAT3

Treg

BCL6

TH17

TH1

TFH

TH17

TH1

TFH

 TLR signaling 
¯ NF-kB 
¯ Autophagy

IL-1b

IL-12
TGF-b
IL-23
TNFa

IL-6

TGF-b, IL-6,
IL-23, IL-1b

Inflammation,
tissue injury

Environmental factors
Smoking, vitamin D, toxins, diet,
infection, antibiotics , dysbiosis

Figure 1  The balance between regulatory and pathogenic effector T cell subsets in health and 

autoimmune disease. (a) In conditions of immune homeostasis, APC-derived TGF-b promotes the 

development of Foxp3+ Treg cells, which then further specialize. By expressing the transcription factors, 

T-bet, STAT3 and BCL6, Treg cells can specifically suppress effector TH1, TH17 and TFH cell responses, 

respectively. The development of Treg cells can also be directly promoted by PSA derived from  

B. fragilis. (b) A combination of host genetic factors and exposure to environmental triggers promotes 

the development of autoimmune disease. APCs can be activated by numerous factors, resulting in the 

release of cytokines that promote the differentiation of naive T cells into pathogenic effector T cell 

subsets, which drive inflammation, tissue injury and autoantibody production. Segmented filamentous 

bacteria (SFB) can also promote the development of TH17 cells and autoimmune responses in vivo. 

Pro-inflammatory cytokines derived from resident innate and adaptive immune cells, including TNF-a 

and IL-6, attenuate Treg cell–mediated suppression of effector T cells.
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Autoimmunity



Gregory Feero W et al. NEJM 2011

Thymus is the crucial organ for the

generation of Tregs

Treg suppression of different cells by

direct and indirect mechanisms

Romano et al. Front.Immunol. 2019

Regulatory Tcells in autoimmunity



Comte et al. Lupus 2015

Role of IL-2 and regulatory T cells in SLE



Immune 

regulation

Immunity
- cancer

- infection

CD122

CD25

gc

Stimulation via

IL-2 receptor a (CD25)

CD122 gc

Stimulation via

IL-2 receptor b (CD122)

Adapted from Boyman & Sprent. Nat Rev Immunol 2012

Biology of interleukin-2 (IL-2)
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Biased IL-2 immunotherapy



Systemic Lupus Erythematosus (SLE)

Defense

Attack

Overt pathology

Tolerance

B

TREG

TEFF

B TREGTEFF

Defense

Attack

No pathology
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Interleukin-2Immunosuppressive drugs

Defense

Attack

Covert pathology

Increased risk of infections

Tolerance

Interleukin-2 and regulatory T cells (TREG)



Humrich et al. Ann Rheum Dis. 2015

von Spee-Mayer et al. Ann Rheum Dis. 2016

He et al. Nat Med. 2016

Rosenzwajg et al. Ann Rheum Dis. 2018

Low dose IL-2 in SLE



Wk 3Wk 0 Wk 6Wk -8

Screening

SLE patients

(n = 12)

Treatment:

1.5 MIU human IL-2 (Proleukin®) s.c. 

4 x 5-day courses, every 3 weeks

Follow-up

Wk 17Wk 9

Study endEnrollment

Wk 13

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11

1° Endpoint: - Expansion of TREG cells (V2 & V9)

2° Endpoints: - Immunophenotyping in blood and skin (V2-V9)

- Clinical response (V2, V5, V9)

- Reduction in concomitant medication (V2-V9)

- Safety (V2-V11)

Raeber and Boyman. https://clinicaltrials.gov/ct2/show/NCT03312335

Low-dose IL-2 trial in SLE patients

The Charact-IL-2 Trial (NCT03312335)



• Antibodies

• Cytokines

• Routine laboratory 

values

Analysis of 
soluble blood 
components

Biobanking

• Peripheral blood 

mononuclear cells

• Serum

• RNA from sorted 

cells for 

sequencing

(TREG, CD4+ TEFF, 

CD8+, CD19+)

• TREG suppression 

assay

Functional assays

TREG/TEFF ratio
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Charact-IL-2 Trial – Experimental analyses



Project Summary and Research Plan       Miro E. Räber 

SAMS “Young Talents in Clinical Research” Application 5 

Analysis of soluble blood components 

To investigate changes in soluble blood components during IL-2 treatment we will collect serum during each visit. 

As cytokines are key signaling molecules in the immune system, we will focus our initial analysis on measurement 

of soluble cytokines by MILLIPLEX® multiplex assays and enzyme-linked immunosorbent assays (ELISA). γc 

cytokines will be of special interest, including IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21, as they signal via a shared 

cytokine receptor subunit. We will complement these measurements by quantifying the soluble cytokine receptors 

sCD25, sCD127 and sIL-15Rα and cytokine-cytokine-receptor complexes thereof (e.g. IL-2-sCD25). Soluble 

cytokine receptors could act as scavenging receptors eliminating or potentiating cytokine effects. To extend these 

studies we will measure other pro-inflammatory (e.g. interferon-γ and tumor necrosis factor-α) as well anti-

inflammatory (e.g. IL-10, transforming growth factor-β) cytokines, which allows us to draw conclusions on the 

general inflammatory state of SLE patients during IL-2 treatment. 

Another focus will be on SLE-specific autoantibodies such as ANA, anti-dsDNA, anti-Smith (anti-Sm), and anti-

C1q, which might show correlation with IL-2 treatment and/or disease activity. To track antigen-specific B cell 

activity we will measure in addition to all immunoglobulin subclasses also allergen-specific IgE for birch and grass 

pollen as well house dust mites. If specific IgE levels change during IL-2 treatment, phenotypical and functional 

characterization of antigen-specific B cells will be an attractive next step. 

Other soluble factors measured in different diagnostic laboratories at USZ include liver enzymes (AST, ALT, AP, 

gGT), CRP, glucose, HbA1c, cholesterol, serum creatinine, complement factors as well urine status and sediment 

analysis. These measurements are either surrogate markers for disease activity or are measured for safety purposes. 

Transcriptional profile of selected blood lymphocyte populations 

In order to investigate molecular changes during IL-2 treatment we will perform messenger (m) RNA sequencing 

of sorted lymphocyte populations. For this instance, we will purify by fluorescence activated cell sorting (FACS) 

Treg (CD4+CD127loCD25hi), CD4+ effector T (Teff; inverse gate of Treg cells), CD8+ T, and CD19+ B cells 

directly into cell lysis buffer and store tubes at -80°C until further processing. We recently established and 

validated this procedure which provides optimal RNA quality with minimal degradation. RNA sequencing and 

bioinformatics analysis will be done by the Functional Genomics Center Zurich (UZH). From transcriptional 

abundance of different mRNA transcripts, we expect to draw conclusions on detailed functional states and 

activated signaling pathways of the above mentioned cellular subsets. By further choosing a high sequencing depth 

we will be able to extract the sequences of T and B cell receptors which allows us to analyze changes in clonal 

distribution during IL-2 treatment. Depending on the number of patients willing to provide skin biopsies we plan 

on extending mRNA sequencing analysis to lymphocytes isolated from skin samples. 

Table 1: Flow cytometry panels for the Charact-IL-2 trial. 

Panel Colors Cellular subsets 

A 13 Lineage discrimination: CD4+ and CD8+ T cells; Foxp3+ CD127lo CD25hi Treg; T resident memory cells. 

Expression: CD39, Ki67. 

B 9 Lineage discrimination: Neutrophils (CD16, CD66b). 

Expression: CD124, CD132, CD123a1, CXCR1, CXCR2, MPO. 

C 28 Lineage discrimination: B cells (memory, naïve, plasmablasts, regulatory B cells); NK cells (CD56brigth/dim); NKT 

cells; ILCs (ILC1, ILC2, ILC3); DCs (BDCA1, BDCA3, CD16 monocyte derived DC, plasmacytoid DC); 

monocytes (classical, intermediate, non-classical); CD4+ Tfh, CD127lo CD25hi Treg; CD4+ and CD8+ Tnaïve, TCM, TEM, 

TEMRA; CD4+ and CD8+ γδ T cells. 

Expression: CD25, CD122, PD-1. 

D 22 Lineage discrimination: CD4+ Th1, Th1*, Th2, Th17, Th22, Tfh; CD4+ and CD8+ Tnaïve, TCM, TEM, TEMRA, TSCM; CD4+ 

and CD8+ γδ T cells; CD127lo CD25hi Treg. 

Expression: CD25, CD122, PD-1, TIM-3, CCR8. 

Abbreviations: Tfh, follicular helper T; Treg, regulatory T; Tfr, follicular regulatory T; MPO, myeloperoxidase; NK, natural killer; ILC, innate 

lymphoid cell; DC, dendritic cell; Tnaïve, naïve T; TCM, central memory T; TEM, effector memory T; TEMRA, effector memory RA T; 

TSCM, stem cell memory T; PD-1, programmed cell death 1; TIM-3, T cell immunoglobulin and mucin-domain containing protein-3. 

BD FACS Symphony: Acquisition of two times 24-30 parameters

Charact-IL-2 Trial – Experimental analyses



Wk 3Wk 0 Wk 6Wk -8

Screening

SLE patients

(n = 12)

Treatment:

1.5 MIU human IL-2 (Proleukin®) s.c. 

4 x 5-day courses, every 3 weeks

Follow-up

Wk 17Wk 9

Study endEnrollment

Wk 13

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11

Raeber and Boyman. https://clinicaltrials.gov/ct2/show/NCT03312335

• 11 patients included

• 9 have completet the study

• 1 additional patient needed

• Therapy is well tolerated and effective

• 2 patients decided to continue the therapy in off label use

Charact-IL-2 Trial



• Regulatory T cells (Tregs) can prevent autoimmunity and control inflammation

• Low-dose IL-2 treatment:

• is well tolerated and expands and activates Tregs

• restores Treg homeostasis in a physiological way

• directly addresses the pathophysilogy in SLE and has the

potential to become a novel targeted treatment strategy in SLE

• The potential use of CD25-biased IL-2 complexes (Boymanlab, USZ) will further

increase the in vivo half life of IL-2 and the selectivity for Tregs

Conclusion and future perspectives



Department of Immunology USZ and UZH
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