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In systemic lupus erythematosus (SLE), T regulatory cells (T
regs

) contribute to the inhibition of autoimmune responses 
by suppressing self-reactive immune cells. Interleukin (IL)-2 plays an essential role in the generation, function and 
homeostasis of the T

regs
 and is reduced in SLE. Several clinical studies, including randomized trials, have shown that 

-

IL-2 regimens in SLE. 
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Introduction

Over the last decade, treatment of patients with systemic lu-

pus erythematosus (SLE) with low-dose interleukin-2 (IL-2) 

has emerged as a promising new therapeutic modality for 

-

provement of the impaired activity of the CD4+

regs

IL-2

century ago [1,2]

[3] 

+

CD8+ natural killer 
[4] It signals through 

-
[5] 

-

-
[6] + 

regs
 

more sensitive for IL-2 that natural killer (NK) cells or CD8+

[7] 

evident from early studies that demonstrated that the deletion 

of the IL-2 gene in mice resulted in the development of auto-
[8] Autoimmune 

the genes that encode for the IL-2 receptor 
[9] 

T
REGS

Immune cells that critically depends on IL-2 are the CD4+ 

regs
, which are pivotal players in the maintenance of 
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peripheral self-tolerance though the suppression of auto-
[10] 

regs

regs
[11] Considering that 

+

regs

-

tor CD127 (CD4+ +CD25highCD127- [12] Yet the 

-

regs
, including in most of the 

studies that have assessed the effects of low-dose IL-2 

regs

-

regs
[13] 

regs
 are un-

-

regs
[14] 

regs

-

-

regs
 to respond to relatively low levels of IL-2 

regs
-

[15] After 

phosphorylation of the Janus-Activated Kinase (JAK) 1 and 

JAK3 that activate the downstream mitogen-activated pro-

pathways, leading to activation and nuclear translocation of 
 [16] (

[17] -

 locus in response 

to IL-2 -
[18] which is important not only during the initial 

regs
[13] 

regs
 adopt multiple mechanisms for the sup-

regs
 can in-

[19]

-

forin [20] [21] 

regs
 also indirectly regulate the function of antigen-presenting 

-

tion [22,23] through the removal of cell surface molecules on the 
[24] 

Types of T
REGS

regs regs
 or thy-

regs regs regs

regs regs regs

regs regs
) from CD4+CD25- -

[25] 
regs

-
[26] 

the transfusion into SLE patients,[27]
regs

 are not considered 

an optimal choice for long-term maintenance of immune cell 

regs

regs
[28] 

regs

-

-

regs
 upregu-

[29] 

[30] 

[31] Of 

-
[32]

[33] [34] However, while under normal 

regs
 (and dendritic cells) re-

[34] 

[35] -

-
[36] 

T
REGS

 and SLE

regs
 gradually decline 

[37] 

regs
 associates with improved 

[38, 39] 

regs
 

regs
 do not have 

[40] -

regs

[41,42] 
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disruption, and immune dysregulation in SLE, implying that 

IL-2 supplementation has the potential to help correct these 

-

[43] A chronological summary of the 

human IL-2 (rIL-2) was in a patient with active SLE who re-

[44] -

[45] -

regs

[44] 

regs
 following low-dose IL-2 therapy 

regs
 and not clinical parameters of 

[46] 

-

ed in 2014 and was done on a total of 12 patients with active 

responses to treatment with four 5-day cycles of low-dose rIL-2 
[47] 

-

regs
 after 

each treatment cycle and 11 patients achieved the primary 

regs
 

Table 1: A chronological summary of the clinical trials using low-dose IL-2

Type of trial Objective (s)
Treatment

(subjects/group)  

Route and dose of IL-2 

administration
Outcome (s) S.A.E. Ref.

Single-center, 

open-label study in 

patients with lupus 

nephritis

Safety, e"cacy, 

clinical out-

comes

Low-dose IL-2 + S.O.C 

(n = 18) vs. S.O.C. only 

(n = 12)

3 cycles of 1 million IU s.c. 

every other day for 2 weeks 

followed by a 2-week break 

Higher remission rate and 

improved renal outcomes 

vs. baseline

none [51]

Multicenter prospec-

tive, open-label 

phase I/IIa clinical 

basket trial 

Safety and 

e"cacy, immu-

nomonitoring

Low-dose IL-2 + 

S.O.C. (n = 6)

1 million IU/day s.c. for 5 days 

followed by fortnightly injec-

tions of 1 million IU/day for 6 

months

Treg expansion, improved 

Clinical Global Impression 

score

none [53]

Single-center, 

uncontrolled, phase 

I/IIa clinical trial in 

patients with refrac-

tory SLE 

Safety, e"cacy, 

clinical out-

comes

Low-dose IL-2 + 

S.O.C. (n = 12)

4 cycles of 0.75, 1.5, or 3.0 

million IU/day s.c. for 5 days 

followed by a 9–16 day rest. 

Dose adaption according to 

prede$ned criteria

Reduction in SLEDAI 

score at day 62. No severe 

disease %ares and improve-

ment/resolution of disease 

manifestations correlating 

with an increase in Tregs 

none [47]

Single-center, 

uncontrolled study in 

patients with refrac-

tory SLE 

E"cacy, clinical 

outcomes

Low-dose IL-2 + 

rapamycin (n = 50)

100 WIU s.c. at 3–5 days 

per month combined with 

rapamycin (0.5 mg, once every 

other day, orally) for 24 weeks

Reduction in SLEDAI score 

after 6, 12 and 24 weeks; 

reduction in prednisone 

dose, increase in Treg 

numbers

none [54]

Single-center, 

randomized, double-

blind, placebo-

controlled phase II 

clinical trial

Safety, e"cacy Low-dose IL-2 + 

S.O.C. (n = 30) vs.  

placebo + S.O.C. (n = 

30)

3 cycles of 1 million IU s.c. 

every other day for 2 weeks 

followed by a 2-week break as 

one treatment cycle

Better SRI-4 response rates 

vs. placebo at weeks 12 

and 24.

Higher complete remission 

in patients with lupus 

nephritis vs. placebo 

none [49]

Multicenter, double-

blind, randomized, 

placebo-controlled 

phase II clinical trial 

in active SLE 

Safety, e"cacy 

biological re-

sponses

Low-dose IL-2 + 

S.O.C. (n = 50) vs. 

placebo 

+ S.O.C. (n = 50)

1.5 million IU s.c. for 5 days fol-

lowed by weekly 1.5 million IU  

s.c. from day 8 to week 12

Only post hoc analysis that 

excluded patients from 

two sites showed a better 

SRI-4 response rate vs. 

placebo 

3 among 

IL-2; 2 among 

placebo

[52]

S.A.E., serious adverse event; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; S.O.C, standard-of-care treatment; SRI-4, SLE Responder Index-4.
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safety of estrogens in lupus erythematosus national assess-

improvement of clinical manifestations such as arthritis, rash, 

-
[47] 

Safety of use of low-dose IL-2 in SLE patients was also re-
[48, 49] -

-

reductions in SELENA-SLEDAI and a reduction of glucocorti-

[48] 

-
[49]

with active SLE were randomly assigned in a 1: 1 ratio to re-

the proportion of patients who achieved a SLE responder in-

lupus nephritis had a complete renal response at week 12 

vs.

reduced proteinuria, increased C3 and C4 complement fac-

regs
-

[49]

also seen in another study that reported a dramatic reduction 

-

[50] 

cycles of low-dose IL-2 in addition to standard-of-care ther-

patients who only received standard-of-care therapy served 

-

mission rates > 3-fold higher than the control group after 10 

weeks of treatment, in addition to more pronounced decrease 

-

regs
[51] 

-

[52]

-

-

week 12, SRI-4 responses at week 8, SRI-6 and SRI-8 re-

proportions of patients in clinical remission at week 12 (i.e., 

regs
 in the 

tolerated and only associated with transient and mild to mod-

-

mary endpoint was not met since the IL-2 group had an SRI-4 

response rate of 68% vs

-

vs

secondary endpoints of decreased SELENA-SLEDAI scores 

daily glucocorticoid dose at week 12, higher proportions of 

SRI-6 and SRI-8 responders, remissions, and a shorter time-

[52] 

Mechanisms of Action

-

regs
 

-
[53] However, 

regs
-
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-

mg of the immunosuppressive drug rapamycin on alternate 

days, the reduced prednisone dosage and reduced SLEDAI 

scores up to 24 weeks post-treatment not only associated 

regs

regs
[54] Other studies had shown that not only had low-

dose IL-2 led to quantitative and functional improvement of 

regs
[48,49]

demonstrated in lupus mice,[34] 

[55]

regs
-

 [48,49] and an increased ratio of 
[56]

regs
-

-

regs
 is 

regs

[57,58] 

regs
 and have 

a longer half-life as compared to IL-2, so they have longer 

patients with mild-to-moderate disease activity and seventy-
[59]

ascending doses was well tolerated and resulted in a dose-

regs
 and improved cutaneous lupus 

treatment of cancer patients (i.e., > 108 -
[60] the use of low-dose IL-2 in SLE 

-

[61]

term data will clarify whether prolonged treatments with low-

regs
-

meostasis while avoiding immune suppression, in addition 
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