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The management of active SLE is challenging due to the het-
erogeneous nature of the disease and lack of specific treat-
ment. Current therapy of active SLE primarily relies on corti-
costeroids and immunosuppressants [1]. Complete remission
is the ultimate goal in SLE treatment, but it is not common in
daily practice [2]. The routine therapy of corticosteroid and
immunosuppressant is only effective in a portion of patients
and associated with substantial adverse effects including in-
fections, osteoporosis, and cardiovascular disorders [3–5].
Therefore, there is an unmet need for new therapies with better
efficacy and less adverse effects.

A better understanding of the mechanisms underlying the
pathogenesis of SLE has led to rapid development of targeted
biological treatments that modulate various aspects of the im-
mune response. Currently, some novel drugs have appeared in
SLE patients. There are also promising phase II, III trials
targeting B cell, T cell, cytokine, and other molecules.

In the most encouraging B cell targeting, belimumab and
rituximab have been used in clinic. The fully humanized
monoclonal antibody against soluble trimeric B cell activating
factor (BAFF), belimumab, has been approved for the treat-
ment of SLE in Europe and the USA. However, clinical trial
showed only 14% higher response rate of belimumab (SRI =
58%) in SLE patients compared to placebo (44%) at week 52
[6]. The CD20 targeting rituximab is considered as an attrac-
tive therapeutic target, and shown by a number of publications
[7–9]. In a prospective study, rituximab showed promising
efficacy in corticosteroid sparing [10]. However, both
EXPLORER study of rituximab in nonrenal SLE and
LUNAR study in lupus nephritis failed to achieve their prima-
ry endpoints [11, 12]. It is no doubt to us that rituximab is
effective in SLE, but patient stratification based on clinical
features is needed in treatment or in trials. In addition,

epratuzumab, a humanized anti-CD22 antibody, showed a de-
creased CD19+ B cell count and favorable clinical response in
the EMBLEM phase II trials and well tolerated [13]. But, in
the EMBODY phase III clinical trials, treatment with
epratuzumab did not show improvements in response rates
compared to placebo group (39.8 vs 34.1%) [14]. It appears
that further study is required to examine the effects of anti-
CD22 antibody in SLE. CD40L could be another novel effec-
tive biological treatment for SLE. If CD40L blocker binds to
CD40 on the surface of B cells and leads to IgG class
switching, then the production of high affinity autoantibodies
may be inhibited. Recently, a randomized, double-blind, mul-
ticenter phase I trial of dapirolizumab pegol (a polyethylene
glycol conjugated anti-CD40L Fab’ fragment) showed 46%
patients achieved BICLA (vs 14% placebo), and no serious
adverse event occurred [15]. However, due to the small num-
ber of patients, further evaluation of this new biologic is re-
quired to address its efficacy and safety.

Recently, in a proof of concept trial, we have shown that
low-dose IL-2 was efficient and tolerated in active SLE [16].
An SRI response was seen in 34/38 patients (89.5%) at week
12. Resolution of clinical activity was observed in multiple
domains, including rash, alopecia, arthritis, fever, leukopenia,
and thrombocytopenia. No severe adverse events were ob-
served. There were significant reductions of proteinuria and
autoantibodies titers accompanied by increased levels of C3
and C4. It is suggested by several studies that low-dose IL-2
can rebalance aberrant function of the immune system,
through promoting Treg-mediated effect and inhibiting Tfh-
and Th17-related pathogenic responses [16–20]. Meanwhile,
CD8 T cell and NK cell response is enhanced upon this treat-
ment. It is likely that low-dose IL-2 improves the immune
response against infection in SLE.

In addition, it has been well documented that high serum
IFNα and IFN gene expression signature were seen in SLE
patients with active disease [21, 22]. Sifalimumab (anti-IFNα
mAb), rontalizumab (humanized IgG1 anti-IFNα antibody),
and anifrolumab (anti-interferon receptor 1 (IFNAR1))
showed promising results in phase II and III trials [23–27].
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In a phase II study of sifalimumab, the SRI-4 response index
was statistically superior in the treatment groups than placebo:
56.5–58.3% in sifalimumab groups vs. 45.4% in the placebo
group. However, the data were not impressive as expected
with just a slightly increased response. More infection oc-
curred in patients using the study drug [24]. Its safety and
efficacy is under study by an ongoing phase III trial.
Furthermore, IL12/23 pathway is active in SLE. IL12/23 in-
hibitor (ustekinumab) was effective in a phase II study, show-
ing that 60% of patients in ustekinumab group had an SRI-4
response vs 31% in placebo at week 24 [28].

Recent years, much attention has been on abatacept, a fu-
sion protein comprised of CTLA-4 (cytotoxic T lymphocyte
antigen) combined with the Fc portion of human IgG1
(CTLA-4-Ig). It has been used to inhibit T lymphocyte and
retard progression of lupus nephritis in murine models of dis-
ease [29–31]. A number of CTLA-4 studies have been fo-
cused on SLE patients [32–34], but no significant improve-
ments were observed clinically [31, 32]. However, abatacept
did show evidence of biologic activity (reduces anti-dsDNA
antibodies, increases C3 concentrations) and was well tolerat-
ed in patients with active lupus nephritis. Unfortunately, it did
not achieve primary end points [32–34].

Finally, studies have shown that mesenchymal stem cells
(MSCs) and T cell vaccine (TCV) are effective and safe in
SLE. These are strategies potential in SLE therapy in the fu-
ture [35–37].

Taking together, anti-Blys, anti-CD20, low-dose IL-2,
MSCs, and TCV have been used clinically. Anti-CD22,
Interferon-α, CTLA-4-Ig, and some other biologics are in
ongoing clinical trials. It is clear that a new era is on the
horizon for more targeted therapies for SLE, which will be
largely dependent on collaboration of researchers and
rheumatologists.

Acknowledgements We thank Professors L Espinoza and J Ambrus for
suggestion and comment on the manuscript.

Compliance with ethical standards

Disclosure None.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Kaul A, Gordon C, Crow MK, Touma Z, Urowitz MB, van
Vollenhoven R, Ruiz-Irastorza G, Hughes G (2016) Systemic lupus
erythematosus. Nat Rev Dis Primers 16:216039

2. Wilhelm TR, Magder LS, Petri M (2017) Remission in systemic
lupus erythematosus: durable remission is rare. Ann Rheum Dis
76(3):547–553. https://doi.org/10.1136/annrheumdis-2016-209489

3. Kang I, Park SH (2003) Infectious complications in SLE after im-
munosuppressive therapies. Curr Opin Rheumatol 15(5):528–534.
https://doi.org/10.1097/00002281-200309000-00002

4. Doria A, Iaccarino L, Ghirardello A, Zampieri S, Arienti S,
Sarzi-Puttini P, Atzeni F, Piccoli A, Todesco S (2006) Long-
term prognosis and causes of death in systemic lupus erythe-
matosus. Am J Med 119(8):700–706. https://doi.org/10.1016/j.
amjmed.2005.11.034

5. van Vollenhoven RF, Mosca M, Bertsias G, Isenberg D, Kuhn A,
Lerstrøm K, Aringer M, Bootsma H, Boumpas D, Bruce IN,
Cervera R, Clarke A, Costedoat-Chalumeau N, Czirják L,
Derksen R, Dörner T, Gordon C, Graninger W, Houssiau F, Inanc
M, Jacobsen S, Jayne D, Jedryka-Goral A, Levitsky A, Levy R,
Mariette X, Morand E, Navarra S, Neumann I, Rahman A,
Rovenský J, Smolen J, Vasconcelos C, Voskuyl A, Voss A,
Zakharova H, Zoma A, Schneider M (2014) Treat-to-target in sys-
temic lupus erythematosus: recommendations from an international
task force. Ann RheumDis 73(6):958–967. https://doi.org/10.1136/
annrheumdis-2013-205139

6. Navarra SV, Guzman RM, Gallacher AE et al (2011) Efficacy and
safety of belimumab in patients with active systemic lupus erythe-
matosus: a randomised, placebo-controlled, phase 3 trial. Lancet
377(9767):721–731. https://doi.org/10.1016/S0140-6736(10)
61354-2

7. TY L, Ng KP, Cambridge G et al (2009) A retrospective seven-year
analysis of the use of B cell depletion therapy in systemic lupus
erythematosus at University College London Hospital: the first fifty
patients. Arthritis Rheum 61(4):482–487

8. Terrier B, Amoura Z, Ravaud P, Hachulla E, Jouenne R, Combe B,
Bonnet C, Cacoub P, Cantagrel A, de Bandt M, Fain O, Fautrel B,
Gaudin P, Godeau B, Harlé JR, Hot A, Kahn JE, Lambotte O,
Larroche C, Léone J, Meyer O, Pallot-Prades B, Pertuiset E,
Quartier P, Schaerverbeke T, Sibilia J, Somogyi A, Soubrier M,
Vignon E, Bader-Meunier B, Mariette X, Gottenberg JE, Club
Rhumatismes et Inflammation (2010) Safety and efficacy of ritux-
imab in systemic lupus erythematosus: results from 136 patients
from the French AutoImmunity and Rituximab registry. Arthritis
Rheum 62(8):2458–2466. https://doi.org/10.1002/art.27541

9. Diaz-Lagares C, Croca S, Sangle S et al (2012) Efficacy of rituxi-
mab in 164 patients with biopsy-proven lupus nephritis: pooled data
from European cohorts. Autoimmun Rev 11(5):357–364. https://
doi.org/10.1016/j.autrev.2011.10.009

10. Condon MB, Ashby D, Pepper RJ, Cook HT, Levy JB, Griffith M,
Cairns TD, Lightstone L (2013) Prospective observational single-
centre cohort study to evaluate the effectiveness of treating lupus
nephritis with rituximab and mycophenolate mofetil but no oral
steroids. Ann Rheum Dis 72(8):1280–1286. https://doi.org/10.
1136/annrheumdis-2012-202844

11. Merrill JT, Neuwelt CM, Wallace DJ, Shanahan JC, Latinis KM,
Oates JC, Utset TO, Gordon C, Isenberg DA, Hsieh HJ, Zhang D,
Brunetta PG (2010) Efficacy and safety of rituximab in moderately-
to-severely active systemic lupus erythematosus: the randomized,
double-blind, phase II/III systemic lupus erythematosus evaluation
of rituximab trial. Arthritis Rheum 62(1):222–233. https://doi.org/
10.1002/art.27233

12. Rovin BH, Furie R, Latinis K, Looney RJ, Fervenza FC, Sanchez-
Guerrero J, Maciuca R, Zhang D, Garg JP, Brunetta P, Appel G,
LUNAR Investigator Group (2012) Efficacy and safety of rituxi-
mab in patients with active proliferative lupus nephritis: the lupus
nephritis assessment with rituximab study. Arthritis Rheum 64(4):
1215–1226. https://doi.org/10.1002/art.34359

13. Wallace DJ, Gordon C, Strand V, Hobbs K, Petri M, Kalunian K,
Houssiau F, Tak PP, Isenberg DA, Kelley L, Kilgallen B, Barry AN,

2 Clin Rheumatol (2018) 37:1–3

https://doi.org/10.1136/annrheumdis-2016-209489
https://doi.org/10.1097/00002281-200309000-00002
https://doi.org/10.1016/j.amjmed.2005.11.034
https://doi.org/10.1016/j.amjmed.2005.11.034
https://doi.org/10.1136/annrheumdis-2013-205139
https://doi.org/10.1136/annrheumdis-2013-205139
https://doi.org/10.1016/S0140-6736(10)61354-2
https://doi.org/10.1016/S0140-6736(10)61354-2
https://doi.org/10.1002/art.27541
https://doi.org/10.1016/j.autrev.2011.10.009
https://doi.org/10.1016/j.autrev.2011.10.009
https://doi.org/10.1136/annrheumdis-2012-202844
https://doi.org/10.1136/annrheumdis-2012-202844
https://doi.org/10.1002/art.27233
https://doi.org/10.1002/art.27233
https://doi.org/10.1002/art.34359


Wegener WA, Goldenberg DM (2013) Efficacy and safety of
epratuzumab in patients with moderate/severe flaring systemic lu-
pus erythematosus: results from two randomized, double-blind, pla-
cebo-controlled, multicentre studies (ALLEVIATE) and follow-up.
Rheumatology (Oxford) 52(7):1313–1322. https://doi.org/10.1093/
rheumatology/ket129

14. Clowse ME, Wallace DJ, Furie RA et al (2017) Efficacy and safety
of epratuzumab in moderately to severely active systemic lupus
erythematosus: results from two phase III randomized, double-
blind, placebo-controlled trials. Arthritis Rheumatol. 69(2):362–
375. https://doi.org/10.1002/art.39856

15. Chamberlain C, Colman PJ, Ranger AM, Burkly LC, Johnston GI,
Otoul C, Stach C, Zamacona M, Dörner T, Urowitz M, Hiepe F
(2017) Repeated administration of dapirolizumab pegol in a ran-
domized phase I study is well tolerated and accompanied by im-
provements in several composite measures of systemic lupus ery-
thematosus disease activity and changes in whole blood
transcriptomic profiles. Ann Rheum Dis 76(11):1837–1844.
https://doi.org/10.1136/annrheumdis-2017-211388

16. He J, Zhang X,Wei Y, Sun X, Chen Y, Deng J, Jin Y, Gan Y, Hu X,
Jia R, Xu C, Hou Z, Leong YA, Zhu L, Feng J, An Y, Jia Y, Li C,
Liu X, Ye H, Ren L, Li R, YaoH, Li Y, Chen S, ZhangX, Su Y, Guo
J, Shen N, Morand EF, Yu DI, Li Z (2016) Low-dose interleukin-2
treatment selectively modulates CD4+ T cell subsets in patients
with systemic lupus erythematosus. Nat Med 22(9):991–993.
https://doi.org/10.1038/nm.4148

17. Yang J, Chu Y, Yang X, Gao D, Zhu L, Yang X, Wan L, Li M
(2009) Th17 and natural Treg cell population dynamics in systemic
lupus erythematosus. Arthritis Rheum 60(5):1472–1483. https://
doi.org/10.1002/art.24499

18. He J, Tsai LM, Leong YA, Hu X, Ma CS, Chevalier N, Sun X,
Vandenberg K, Rockman S, Ding Y, Zhu L, Wei W, Wang C,
Karnowski A, Belz GT, Ghali JR, Cook MC, Riminton DS,
Veillette A, Schwartzberg PL, Mackay F, Brink R, Tangye SG,
Vinuesa CG, Mackay CR, Li Z, Yu D (2013) Circulating precursor
CCR7(lo)PD-1(hi) CXCR5(+) CD4(+) T cells indicate Tfh cell
activity and promote antibody responses upon antigen reexposure.
Immunity 39(4):770–781. https://doi.org/10.1016/j.immuni.2013.
09.007

19. Liao W, Lin JX, Leonard WJ (2013) Interleukin-2 at the crossroads
of effector responses, tolerance, and immunotherapy. Immunity
38(1):13–25. https://doi.org/10.1016/j.immuni.2013.01.004

20. Lieberman LA, Tsokos GC (2010) The IL-2 defect in systemic
lupus erythematosus disease has an expansive effect on host immu-
nity. J Biomed Biotechnol 2010:740619

21. Hooks JJ, Moutsopoulos HM, Geis SA, Stahl NI, Decker JL,
Notkins AL (1979) Immune interferon in the circulation of patients
with autoimmune disease. N Engl J Med 301(1):5–8. https://doi.
org/10.1056/NEJM197907053010102

22. Bennett L, Palucka AK, Arce E, Cantrell V, Borvak J, Banchereau
J, Pascual V (2003) Interferon and granulopoiesis signatures in
systemic lupus erythematosus blood. J Exp Med 197(6):711–723.
https://doi.org/10.1084/jem.20021553

23. Petri M,Wallace DJ, Spindler A, Chindalore V, Kalunian K,Mysler
E, Neuwelt CM, Robbie G, White WI, Higgs BW, Yao Y, Wang L,
Ethgen D, Greth W (2013) Sifalimumab, a human anti-interferon-
alpha monoclonal antibody, in systemic lupus erythematosus: a
phase I randomized, controlled, dose-escalation study. Arthritis
Rheum 65(4):1011–1021. https://doi.org/10.1002/art.37824

24. KhamashtaM,Merrill JT,Werth VP, Furie R, Kalunian K, Illei GG,
Drappa J, Wang L, Greth W, CD1067 study investigators (2016)

Sifalimumab, an anti-interferon-alpha monoclonal antibody, in
moderate to severe systemic lupus erythematosus: a randomised,
double-blind, placebo-controlled study. Ann Rheum Dis 75(11):
1909–1916. https://doi.org/10.1136/annrheumdis-2015-208562

25. McBride JM, Jiang J, Abbas AR, Morimoto A, Li J, Maciuca R,
Townsend M, Wallace DJ, Kennedy WP, Drappa J (2012) Safety
and pharmacodynamics of rontalizumab in patients with systemic
lupus erythematosus: results of a phase I, placebo-controlled, dou-
ble-blind, dose-escalation study. Arthritis Rheum 64(11):3666–
3676. https://doi.org/10.1002/art.34632

26. Peng L, Oganesyan V, Wu H, Dall’Acqua WF, Damschroder MM
(2015) Molecular basis for antagonistic activity of anifrolumab, an
anti- interferon- receptor 1 antibody. MAbs 7(2):428–439

27. Morehouse C, Chang L, Wang et al (2014) Target modulation of a
type I interferon (IFN) gene signature with sifalimumab or
anifrolumab in systemic lupus erythematosus (SLE) patients in
two open label phase 2 Japanese trials. 2014 ACR/ARHP annual
meeting; November 14–19: Boston, MA

28. Ronld van Vollenhoven, Bevra H, Hahn, George C. Tsokos, et al
(2017) Efficacy and safety of ustekinumab, an interleukin 12/23
inhibitor, in patients with active systemic lupus erythematosus: re-
sults of a phase 2, randomized placebo-controlled study. 2017ACR/
ARHPAnnual Meeting; November 4–9: Sen Diego, CA

29. Daikh DI, Wofsy D (2001) Cutting edge: reversal of murine lupus
nephritis with CTLA4Ig and cyclophosphamide. J Immunol
166(5):2913–2916. https://doi.org/10.4049/jimmunol.166.5.2913

30. Cunnane G, Chan OT, Cassafer G et al (2004) Prevention of renal
damage in murine lupus nephritis by CTLA-4Ig and cyclophospha-
mide. Arthritis Rheum 50(5):1539–1548. https://doi.org/10.1002/
art.20147

31. Finck BK, Linsley PS, Wofsy D (1994) Treatment of murine lupus
with CTLA4Ig. Science 265(5176):1225–1227. https://doi.org/10.
1126/science.7520604

32. Suntharalingam G, Perry MR, Ward S, Brett SJ, Castello-Cortes A,
Brunner MD, Panoskaltsis N (2006) Cytokine storm in a phase 1
trial of the anti-CD28 monoclonal antibody TGN1412. N Engl J
Med 355(10):1018–1028. https://doi.org/10.1056/NEJMoa063842

33. Furie R, Nicholls K, Cheng TT, Houssiau F, Burgos-Vargas R,
Chen SL, Hillson JL, Meadows-Shropshire S, Kinaszczuk M,
Merrill JT (2014) Efficacy and safety of abatacept in lupus nephri-
tis: a twelve-month, randomized, double-blind study. Arthritis
Rheumatol 66(2):379–389. https://doi.org/10.1002/art.38260

34. Boumpas DT, Furie R, Manzi S, Illei GG, Wallace DJ, Balow JE,
Vaishnaw A, on behalf of the BG9588 Lupus Nephritis Trial Group
(2003) A short course of BG9588 (anti-CD40 ligand antibody)
improves serologic activity and decreases hematuria in patients with
proliferative lupus glomerulonephritis. Arthritis Rheum 48(3):719–
727. https://doi.org/10.1002/art.10856

35. Wang D, Niu L, Feng X, Yuan X, Zhao S, Zhang H, Liang J, Zhao
C, Wang H, Hua B, Sun L (2017) Long-term safety of umbilical
cord mesenchymal stem cells transplantation for systemic lupus
erythematosus: a 6-year follow-up study. Clin Exp Med 17(3):
333–340. https://doi.org/10.1007/s10238-016-0427-0

36. Pozsgay J, Szekanecz Z, Sármay G (2017) Antigen-specific immu-
notherapies in rheumatic diseases. Nat Rev Rheumatol 13(9):525–
537. https://doi.org/10.1038/nrrheum.2017.107

37. Li ZG, Mu R, Dai ZP, Gao XM (2005) T cell vaccination in sys-
temic lupus erythematosus with autologous activated Tcells. Lupus
14(11):884–889. https://doi.org/10.1191/0961203305lu2239oa

Clin Rheumatol (2018) 37:1–3 3

https://doi.org/10.1093/rheumatology/ket129
https://doi.org/10.1093/rheumatology/ket129
https://doi.org/10.1002/art.39856
https://doi.org/10.1136/annrheumdis-2017-211388
https://doi.org/10.1038/nm.4148
https://doi.org/10.1002/art.24499
https://doi.org/10.1002/art.24499
https://doi.org/10.1016/j.immuni.2013.09.007
https://doi.org/10.1016/j.immuni.2013.09.007
https://doi.org/10.1016/j.immuni.2013.01.004
https://doi.org/10.1056/NEJM197907053010102
https://doi.org/10.1056/NEJM197907053010102
https://doi.org/10.1084/jem.20021553
https://doi.org/10.1002/art.37824
https://doi.org/10.1136/annrheumdis-2015-208562
https://doi.org/10.1002/art.34632
https://doi.org/10.4049/jimmunol.166.5.2913
https://doi.org/10.1002/art.20147
https://doi.org/10.1002/art.20147
https://doi.org/10.1126/science.7520604
https://doi.org/10.1126/science.7520604
https://doi.org/10.1056/NEJMoa063842
https://doi.org/10.1002/art.38260
https://doi.org/10.1002/art.10856
https://doi.org/10.1007/s10238-016-0427-0
https://doi.org/10.1038/nrrheum.2017.107
https://doi.org/10.1191/0961203305lu2239oa

	An era of biological treatment in systemic lupus erythematosus
	References


