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The new complement inhibitor CRIg/FH
ameliorates lupus nephritis in lupus-prone
MRL/lpr mice
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Abstract

Backgrounds: The aberrant activation of complement system is critically involved in lupus nephropathy. Recent
study showed complement C3 inhibitor was effective in the treatment of lupus nephropathy. In this study, we
investigate the effect of a novel complement C3 inhibitor, CRIg/FH, in the treatment of lupus nephropathy in MRL/
lpr lupus mice.

Methods: We treated MRL/lpr female mice with a dose escalation of CRIg/FH (10, 5 and 2mg/kg) by
intraperitoneal injection twice weekly since 12 weeks age. In addition, MRL/lpr mice treated with intraperitoneal
injection of normal saline or oral prednisone, along with C57BL/6 J healthy mice were maintained to serve as
controls. We started 8-h urine collection weekly to screen proteinuria by measuring the levels of urine urea/
creatinine. Serum samples was collected at week 16 and 20 to measure levels of urea nitrogen, creatinine, and
immunological markers (C3, C4, A-ds-DNA) before the mice were sacrificed at 20 weeks age to collect kidneys for
histopathological examinations.

Results: Overt skin lesions were observed in MRL/lpr mice treated with normal saline, while skin lesion was not
observed in CRIg/FH treated MRL/lpr mice. There was no overt proteinuria observed in MRL/lpr mice treated with
CRIg/FH. Serum creatinine and BUN levels in MRL/lpr mice was maintained in highest CRIg/FH dose (10 mg/kg
twice a week) to be significantly lower than that in prednisone treated MRL/lpr mice at 20 weeks age. In addition,
CRIg/FH treatment in MRL/lpr mice results in a significantly elevated serum C3 and C4 levels when compared to
prednisone treatment at both 16 and 20 weeks. Furthermore, our study identified that serum level of A-ds-DNA was
also significantly lower in CRIg/FH treatment than that in predisone treated MRL/lpr mice. Renal pathology
confirmed that kidneys from CRIg/FH treated MRL/lpr mice suffered less from nephritis and complement
disposition.

Conclusion: Our results showed that the complement inhibitor CRIg/FH can protect MRL/lpr mice from lupus
nephropathy by preserving renal function and glomerulus complement activation. Our findings support the positive
effect of complement inhibitors in the treatment of lupus nephropathy.
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Background
Lupus nephropathy (LN) is a common however severe
manifestation in systemic lupus erythematosus (SLE)
with significant morbidity and mortality [1]. The patho-
genesis of lupus LN is initiated by the abnormal activa-
tion of complement system triggered by the nephrotic
deposition of circulating immune complexes (CIC)
formed by autoantibodies in SLE [2]. The activation of
complement system in SLE is characterized by the con-
sumption of complement proteins [3–5]. The degree of
reduction in serum levels of C1q, C2, C3 and C4, which
are components in the classical complement pathway, is
associated with the occurrence, development and prog-
nosis of LN [6]. In addition, the activation of the alterna-
tive pathway is another important factor that
exaggerating complement activation [7]. These evidence
indicated that both classical pathway and alternative
pathway are involved in the pathogenesis of LN. The ab-
errantly activated complement leads to complement de-
position in the glomeruluss, thereafter the induction of
proliferation in glomerular mesangial cells, and finally
results in overt nephropathy [8].
The classical treatment of SLE involves the use of non-

steroidal anti-inflammatory drugs, antimalarial drugs,
glucocorticoids. However, the broad effect of these sys-
temic immunosuppressants restricts its clinical use
owing to difficulties in the balance for attainment of
treatment effects over avoidance from adverse reactions.
In recent years, complement-targeted therapy (comple-
ment inhibitors) showed promising results in the treat-
ment of both SLE and LN [9, 10]. An example of the
first generation of complement inhibitors is Eculizumab,
a monoclonal antibody that prevents complement C5
from activation through its cleavage into C5a and C5b
[11]. In addition, recent studies revealed that inhibition
in the early level of complement cascade, complement
C3, also has potential therapeutic effects in LN [12].
Nevertheless, concerns regarding C5 or C3 inhibition
was often raised due to its effect of systematic inhibition
in complements therefore increased risk of both severe
infection and opportunistic infection [13].
The CRIg/FH is a novel complement inhibitor and a

fusion protein combining the extracellular domain of
CRIg and the alternative pathway inhibitory domain of
factor H (FH) [14]. The design for CRIg/FH is based on
its ability to bind C3 digestion product C3b/iC3b/C3c to
avoid unnecessary cells surface deposition, and at the
same time, FH domain facilitates factor I-mediated C3b
degradation, thereby inhibiting activation and amplifica-
tion of the alternative pathway [15, 16]. A recent study
showed that CRIg/FH can inhibit Thy-1 antibody-
mediated complement activation in a rat model of

mesangioproliferative glomerulonephropathy (MPGN)
therefore protect glomerular mesangial cells from
complement-mediated damage and proliferative lesions
[14]. These evidence suggested that CRIg/FH could be
effective in the treatment of LN in which the activation
of complement system is critically involved. Hence in
this study we conducted a mice study with a dose escal-
ation treatment of CRIg/FH on the widely used MRL/lpr
lupus mice, to investigate the effect of CRIg/FH on lupus
nephropathy.

Materials and methods
Mice and treatment
Forty female MRL/lpr mice (weighing 37.7 ± 1.6 g at 8
weeks old) from Shanghai Slack Laboratory Animal
Co.Ltd. were maintained in the Experimental Animal
Science Department of Fudan University under SPF con-
ditions and a 12-h light-dark cycle with free access to
standard diet and tap water. At 12 weeks age, the MRL/
lpr mice were randomly assigned into treatment groups
(N = 8 in each group) to receive twice weekly intraperito-
neal injection of CRIg/FH [14] with a dose escalation de-
sign (10, 5 and 2mg/kg each injection). The remaining
MRL/lpr mice were randomly devided into control
groups and received intraperitoneal injection of normal
saline (NS) twice a week (group NS, n = 8) or daily oral
gavage of prednisone (18.2 mg/kg/d, group Pred, n = 8).
In addition, eight C57BL/6 J mice from Shanghai Slack
Laboratory Animal Co.Ltd. were maintained under same
condition and left untreated to serve as normal control.
The mice were monitored for skin lesions, lymphaden-

opathy, proteinuria, serum creatinine and urea nitrogen,
and levels of serum C3, C4 and A-ds-DNA. The study
was approved by the institutional review board of Chil-
dren’s Hospital of Fudan University ([2016]172).

Urine and serum biochemistry, and serum immunology
During the experiment, 24-h urine samples were col-
lected weekly starting at 12 weeks of age. Proteinuria
was detected by measurement of ratio between protein
(RenjieBio,Shanghai) and creatinine (Yaoyunbio, Shang-
hai) in urine samples using ELISA. Blood samples
(200 μl) were drawn through tail vein at 16 weeks of age
and at 20 weeks of age (time of sacrifice). The serum
levels of creatinine, urea nitrogen and the levels of
serum C3, C4 and A-ds-DNA were detected by ELISA
(Yaoyunbio, Shanghai).

Histopathological analysis
At age 20 weeks, all mice were sacrificed to collect kid-
neys after euthanasia by intraperitoneal injection of
pentobarbital (200 mg/kg). The kidneys were formalin-
fixed and paraffin-embedded and sliced at 4 μm thick-
ness for HE staining. Immunohistochemistry of C3d,
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membrane attack complex (MAC) and C1q staining
were conducted using antibody against C3d (R&D bio-
systems; AF2655), C5b-9 (Abcam; ab55811), and C1q
(Abcam; ab71089). In addition, Fluorescent-dye conju-
gated antibodies against mouse IgG (Invitrogen;
A11029) and mouse IgM mu chain (Abcam; ab150121)
were used for immunofluorescence detection of IgG and
IgM deposition in the kidney. Renal pathology indicators
were scored by two experienced renal pathologists (HL
and GL) independently based on the average score ac-
cording to the activity index of renal tissue in lupus ne-
phropathy [17]. The intensity of immunostaining was
reported by GL and blindedly assessed by HL.

Statistical analysis
The statistical analysis were performed with SPSS ver-
sion 19.0 software. Continuous variables are presented
as mean ± standard deviation. Difference between groups
was determined using one-way ANOVA, and a p value
less than 0.05 was considered to be statistically
significant.

Results
General conditions
The normal saline (NS) treated MRL/lpr mice began to
develop skin lesion at 16 weeks of age. The skin lesion
was overt at 20 weeks of age (Fig. 1). In contrast, MRL/
lpr mice treated by 10mg/kg CRIg/FH twice weekly pre-
sented less hair loss.There were two mice died in normal
saline treated MRL/lpr mice and one died in oral pred-
nisone treated MRL/lpr mice before 20 weeks age..

CRIg/FH reduce proteinuria and protect renal function in
MRL/lpr mice
The level of proteinuria in either NS treated or prednis-
one treated MRL/lpr mice were significantly elevated
after 16 weeks of age (Fig. 2a), whereas protein levels in
urine of MRL/lpr mice treated with CRIg/FH were still

not significantly elevated by 20 weeks of age. After 18
weeks of age, the level of proteinuria in all dosage
groups of CRIg/FH treated MRL/lpr mice were signifi-
cantly lower than that of the NS or GC treated mice
(P < 0.05, Fig. 2a).
Treatment with CRIg/FH significantly reduced serum

creatinine and urea nitrogen levels in MRL/lpr mice. At
16 weeks of age, serum creatinine levels in all CRIg/FH
treated MRL/lpr mice were significantly lower than
those in either NS or prednisone treated MRL/lpr mice
(P < 0.05, Fig. 2b). At 20 weeks, serum creatinine levels
in CRIg/FH treatment groups maintained to be signifi-
cantly lower than that in NS treated MRL/lpr mice (P <
0.05). However, comparing to prednisone treated MRL/
lpr mice, significant decrease in serum creatinine level
was only observed in CRIg/FH treatment with highest
dose (10 mg/kg twice weekly, P < 0.05, Fig. 2b).
Similarly, serum urea nitrogen levels in MRL/lpr mice

treated with CRIg/FH were all significantly lower than
those in the NS treated MRL/lpr mice at 16 weeks of age
(P < 0.05, Fig. 2b). In addition, serum urea nitrogen level
in CRIg/FH treatment with higher dosage (10 and 5mg/
kg twice weekly) were significantly lower than that in
the prednisone treated MRL/lpr mice (P < 0.05, Fig. 2b).
At 20 weeks of age, the effect of CRIg/FH to maintain
serum urea nitrogen at low levels in MRL/lpr mice was
observed in higher dosage (10 and 5mg/kg twice weekly)
however not in the lowest dose (2 mg/kg) group (Fig.
2b), .

CRIg/FH blocks complement activation in MRL/lpr mice
At 16 weeks, the levels of serum complement C3 and C4
in MRL/lpr mice treated with CRIg/FH at all dose was
significantly higher than that in NS treated MRL/lpr
mice (Fig. 3). The difference in C3 was maintained at 20
weeks age mice only between MRL/lpr mice treated with
highest dose CRIg/FH (10 mg/kg twice weekly) and NS
treated MRL/lpr mice (Fig. 3). Nevertheless, the levels of

Fig. 1 Treatment of MRL/lpr mice with CRIg/FH inhibits the appearance of skin lesions. A 20-week old MRL/lpr mice treated by intraperitoneal
injection of 10 mg/kg CRIg/FH twice a week since 12 week age; B 20-week old MRL/lpr mice treated by intraperitoneal injection of normal saline,
skin lesions are indicated by red arrows
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serum C3 and C4 in CRIg/FH treated mice was signifi-
cantly lower than that in C57BL healthy mice at both 16
and 20 weeks age (Fig. 3). The serum levels of C4 was
significantly lower in higher dose (10 and 5mg/kg twice
weekly) of CRIg/FH treated MRL/lpr mice when com-
pare to either NS or prednisone treated MRL/lpr mice,
at both week 16 and 20. The significance of C4 decreas-
ing is not identified in lowest dose of CRIg/FH (2 mg/kg
twice weekly) when compared to prednisone treated
MRL/lpr mice (Fig. 3).
Similarly, the activation of autoimmunity was signifi-

cantly lower in MRL/lpr mice treated with CRIg/FH. At
16 weeks, the serum A-ds-DNA level in MRL/lpr mice
treated with CRIg/FH at all doses was significantly lower
than that in NS treated MRL/lpr mice or GC treated
MRL/lpr mice (Fig. 3). The effect continued at 20 weeks

measurement (Fig. 3). Nevertheless, the levels of serum
A-ds-DNA was still significantly higher in CRIg/FH
treated MRL/lpr mice than that in normal control mice
at both 16 and 20 weeks (Fig. 3).

CRIg/FH improves lupus nephropathy in MPL/lpr mice
The H&E staining of mice kidney at 20 weeks of age
showed that MRL/lpr mice had significant nephropathy
in those treated by NS than CRIg/FH (Fig. 4a). In MRL/
lpr mice treated with highest dose CRIg/FH (10 mg/kg
twice weekly), there were 7 mice categorized as LN II, 1
mice LN III, whereas all mice treated with NS were
scored as LN IV-G. The activity index in MRL/lpr mice
treated with CRIg/FH were significantly lower than that
in NS treated lupus mice (Table 1). The activity index of
MRL/lpr mice treated with highest dose of CRIg/FH was

Fig. 2 Proteinuria and renal function in MRL/lpr mice. A urine protein/creatinine ratio of studied mice; B levels of serum creatinine and blood
urea nitrogen at 16 and 20 weeks age of studied mice. *P < 0.05 compared between CRIg/FH treated mice (black dot) and each control group
(vertical bar). NS = normal saline; Pred = prednisone; Scr = serum creatinine; BUN = blood urea nitrogen. The CRIg/FH treatment at indicated dose
was administrated twice a week
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significantly lower than that of prednisone treated MRL/
lpr mice (P < 0.05). Nevertheless, the nephropathy index
of activity was not statistically different between lowest
dose of CRIg/FH treatment (2 mg/kg twice weekly) and
prednisone treatment. The chronic index of MRL/lpr
mice treated with higher dosage of CRIg/FH (10 and 5
mg/kg twice weekly) was the same as that in prednisone
treated MRL/lpr mice.
The deposition of complement MAC, C1q, and C3d in

all CRIg/FH treatment groups were significantly reduced
compared with NS treated mice. Nevertheless, the de-
position of immunoglobulin IgM and IgG were not

significantly improved in CRIg/FH treatment groups.
(Fig. 4b, Table 2).

Discussion
In this study, we explored the effect of a C3 complement
inhibitor, CRIg/FH, on lupus nephropathy using the
widely used MRL/lpr lupus mice. Our results showed
that CRIg/FH was able to protect in MRL/lpr mice from
nephropathy as presenting lower level of proteinuria, im-
proved renal function and serum immunological
markers and minor nephritis.

Fig. 3 Levels of serum complements (C3, C4) and lupus autoimmune marker (A-ds-DNA) in MRL/lpr mice. *P < 0.05 compared between CRIg/FH
treated mice (black dot) and each control group (vertical bar). NS = normal saline; Pred = prednisone; The CRIg/FH treatment at indicated dose
was administrated twice a week

Shi et al. BMC Nephrology          (2019) 20:424 Page 5 of 8



The complement system actively participates in the
pathogenesis of lupus nephropathy. The lupus nephrop-
athy is initiated by the nephrotic deposition of abnormal
circulating immune complexes (CIC) formed by auto-
antibodies against free nucleosomes [18]. After CIC in-
ducing complement cascade reaction through classical
pathway, the proliferation and activation of glomerular
mesangial cells was triggered to form glomerular dis-
eases [19]. The initial activation and further exaggerated
complement activation by alternative pathway together
contributed to the pathogenesis of overt nephritis in
lupus [20]. It was found that monoclonal antibody
against C5 effectively improved lupus nephropathy in
both lupus mice [21] and patients with lupus nephropa-
thy presenting low levels of serum complement [22].
The C5 blockers which acts effectively against the for-
mation of MAC therefore is currently available and
widely used in practice to treat autoimmune diseases
[23]. Nevertheless, the complement inhibiting effect of
C5 blockers is often extensive and systematic, resulting
in elevated risk of immunosuppression and opportunistic
infections [24]. Although recently study showed that C3
blocker effectively improved proteinuria and preserved
renal function in lupus mice [12], despite its targeting
earlier phases in the complement activation, potentency
of C3 blocker to broadly suppress complement activa-
tion still raised similar concerns [12]. The CRIg/FH is a
fusion protein combining the extracellular domain of
CRIg (C3b/iC3b/C3c binding domain) and the alterna-
tive pathway inhibitory domain of factor H (SCR1–5)
[14]. The combination of the two domains was shown to
not only bind to the C3 digestion product C3b/iC3b/C3c
and subsequent reduce activation of classic pathway, but
also inhibit the activation of alternative pathway [15, 16].
The effect of CRIg/FH against complement overactiva-
tion induced nephritis was first recognized in rat model
of mesangioproliferative glomerulonephropathy (MPGN)
[14]. The ability of CRIg/FH to inhibit classical pathway
and remove C3b/iC3b deposition on cell surface and
protecting glomerular mesangial cells raised the possibil-
ity of its treatment effect in other complement activation
related nephritis [14]. Additional evidence showed that
the binding between CRIg/FH and C3b subunit on the
surface of macrophages was able to place FH domains to
participant and inhibit alternative pathway [16, 25, 26].

Fig. 4 Renal histopathology in MRL/lpr mice. a Histopathological
features of the studied mouse renal tissues determined by H&E. b
Immunohistological findings for renal tissues from MRL/lpr mice
treated by CRIg/FH at 10 mg/kg twice weekly and normal saline
(NS). The NS treated mice showed significant glomerular atrophy,
basement membrane thickening and rupture, mesangial area
widening, mesangial matrix increases, mesangial cell proliferation
and deposition of components of immunopathogenesis; MRL/lpr
mice revealed less renal damage and immunological deposition.
NS = normal saline, Pred = prednisone, MAC =membrane attack
complex. The CRIg/FH treatment at indicated dose was
administrated twice a week

Table 1 Renal pathology indicator scores in MRL/lpr mice

CRIg/FH*

10 mg/kg 5mg/kg 2mg/kg prednisone NS

Activity index 4.3 ± 2.2 7.0 ± 1.2 9.1 ± 1.4 7.8 ± 0.64 14.3 ± 3.5

Chronicity index 0 0 0.13 ± 0.35 0 3.8 ± 3.44

Data are presented in mean ± standard deviation. *CRIg/FH was administrated intraperitoneally with indicated dosage twice a week, NS = normal saline
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In this study, we found that the administration of com-
plement inhibitor CRIg/FH can reduce the kidney injury
in MRL/lpr mice in a dose related manner. Through
serum complement profiling, we showed that CRIg/FH
prevents the consumption of C3 and C4, suggesting that
CRIg/FH act through the inhibition of complement
cascade.
The effect of CRIg/FH on lupus nerphritis was confirm

by renal pathology and immunofluorescence of the lupus
mice. CRIg/FH was able to maintain normal glomerulus
morphology and inhibiting levels of local C3 and C4
however not CIC. Interestingly, our results showed that
the A-ds-DNA titer decreased in lupus mice treated with
CRIg/FH. Although the complement inhibitor does not
have directly effect on adaptive immune system, there
are preliminary data showing that complement inhib-
ition contributed to the relief of disease activity of lupus
in both human subjects and MRL/lpr mice model [27,
28]. Despite its detailed mechanism is currently unex-
ploited, it was suggested that the clinical value of the
drug in treating SLE can act beyond the complement
system.

Conclusions
Our study showed that complement inhibitor CRIg/FH
can effectively treat lupus nephropathy in the classical
MRL/lpr model. The protective effects of lupus ne-
phropathy are manifested in many aspects, including re-
ducing proteinuria, serum creatinine and urea nitrogen
levels, and reducing tubular inflammation. In addition to
directly blocking the complement pathway of comple-
ment, whether CRIg/FH can improve the inflammation
of kidney and alleviate the proliferation of mesangial
cells through other pathways needs to be further clari-
fied. Further experiments are needed to confirm the re-
lationship between complement and the acquired
immune system in SLE.

Acknowledgments
We thank Dr. Jiayan Feng from Department of Pathology, Children’s Hospital
of Fudan University, for preparation of the kidney slice.

Authors’ contributions
HX and WH conceptualized the study. YS and PD performed the
experiments. YS, WY and HX acquired and analyzed the data. HX, YS, WY, LS,
HL, GL and WH contributed to data interpretation, discussion and
manuscript preparation.

Funding
This study did not receive external financial support.

Availability of data and materials
The data that support the findings of this study are available from the
corresponding author, WH and HX, upon request.

Ethics approval and consent to participate
The study was approved by the institutional review board of Children’s
Hospital of Fudan University ([2016]172).

Consent for publication
All authors have reviewed and approved the current manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 23 July 2019 Accepted: 23 October 2019

References
1. Yap DY, Lai KN. Pathogenesis of renal disease in systemic lupus

erythematosus--the role of autoantibodies and lymphocytes subset
abnormalities. Int J Mol Sci. 2015;16(4):7917–31.

2. Chen M, Daha MR, Kallenberg CG. The complement system in systemic
autoimmune disease. J Autoimmun. 2010;34(3):J276–86.

3. Couture J, Silverman ED. Update on the pathogenesis and treatment of
childhood-onset systemic lupus erythematosus. Curr Opin Rheumatol. 2016;
28(5):488–96.

4. Lipsky PE. Systemic lupus erythematosus: an autoimmune disease of B cell
hyperactivity. Nat Immunol. 2001;2(9):764–6.

5. Mok CC, Lau CS. Pathogenesis of systemic lupus erythematosus. J Clin
Pathol. 2003;56(7):481–90.

6. Edelbauer M, et al. Markers of childhood lupus nephritis indicating disease
activity. Pediatr Nephrol. 2011;26(3):401–10.

7. Lukawska E, Polcyn-Adamczak M, Niemir ZI. The role of the alternative
pathway of complement activation in glomerular diseases. Clin Exp Med.
2018;18(3):297–318.

8. Dumestre-Perard C, et al. Antibodies targeting circulating protective
molecules in lupus nephritis: interest as serological biomarkers. Autoimmun
Rev. 2018;17(9):890–9.

9. He J, Li Z. An era of biological treatment in systemic lupus erythematosus.
Clin Rheumatol. 2018;37(1):1–3.

10. Gatto M, et al. Success and failure of biological treatment in systemic lupus
erythematosus: a critical analysis. J Autoimmun. 2016;74:94–105.

11. Wakamiya N, et al. New complement therapeutics in complement-related
diseases. Brain Nerve. 2019;71(6):555–64.

Table 2 Intensity of immunological complements in mice glomerulus

C3d MAC C1q IgM IgG

CRIg/FH NS CRIg/FH NS CRIg/FH NS CRIg/FH NS CRIg/FH NS

Intensity of staining

– 1

± 1 4 4

+ 7 7 6 3 4 3 3 3 4

++ 1 2 4 5 6 5 4

+++ 1 2

Data are presented as number of mice scored by intensity of immunological staining, in comparison between CRIg/FH (10mg/kg twice weekly) and normal saline
(NS) treated MRL/lpr mice. Kidneys from the two MRL/lpr mice treated by NS who died earlier were also examined

Shi et al. BMC Nephrology          (2019) 20:424 Page 7 of 8



12. Barilla-Labarca ML, Toder K, Furie R. Targeting the complement system in
systemic lupus erythematosus and other diseases. Clin Immunol. 2013;
148(3):313–21.

13. Benamu E, Montoya JG. Infections associated with the use of eculizumab:
recommendations for prevention and prophylaxis. Curr Opin Infect Dis.
2016;29(4):319–29.

14. Qiao Q, et al. A novel CRIg-targeted complement inhibitor protects cells
from complement damage. FASEB J. 2014;28(11):4986–99.

15. Trouw LA, Pickering MC, Blom AM. The complement system as a potential
therapeutic target in rheumatic disease. Nat Rev Rheumatol. 2017;13(9):538–47.

16. Pouw RB, et al. Of mice and men: the factor H protein family and
complement regulation. Mol Immunol. 2015;67(1):12–20.

17. Sada KE, Makino H. Usefulness of ISN/RPS classification of lupus nephritis. J
Korean Med Sci. 2009;24(Suppl):S7–10.

18. Anders HJ, Fogo AB. Immunopathology of lupus nephritis. Semin
Immunopathol. 2014;36(4):443–59.

19. Lorenz G, Desai J, Anders HJ. Lupus nephritis: update on mechanisms of
systemic autoimmunity and kidney immunopathology. Curr Opin Nephrol
Hypertens. 2014;23(3):211–7.

20. Sato N, et al. Significance of glomerular activation of the alternative
pathway and lectin pathway in lupus nephritis. Lupus. 2011;20(13):1378–86.

21. Wang Y, et al. Amelioration of lupus-like autoimmune disease in NZB/WF1
mice after treatment with a blocking monoclonal antibody specific for
complement component C5. Proc Natl Acad Sci U S A. 1996;93(16):8563–8.

22. Sciascia S, et al. Expanding the therapeutic options for renal involvement in
lupus: eculizumab, available evidence. Rheumatol Int. 2017;37(8):1249–55.

23. Rovin BH, Parikh SV. Lupus nephritis: the evolving role of novel therapeutics.
Am J Kidney Dis. 2014;63(4):677–90.

24. Gackler A, et al. Failure of first meningococcal vaccination in patients with
atypical haemolytic uraemic syndrome treated with eculizumab. Nephrol
Dial Transplant. 2018.

25. Lieberman LA, et al. Complement receptor of the immunoglobulin
superfamily reduces murine lupus nephritis and cutaneous disease. Clin
Immunol. 2015;160(2):286–91.

26. He JQ, Wiesmann C, van Lookeren Campagne M. A role of macrophage
complement receptor CRIg in immune clearance and inflammation. Mol
Immunol. 2008;45(16):4041–7.

27. Sekine H, et al. The benefit of targeted and selective inhibition of the
alternative complement pathway for modulating autoimmunity and renal
disease in MRL/lpr mice. Arthritis Rheum. 2011;63(4):1076–85.

28. Coppo R, et al. Dramatic effects of eculizumab in a child with diffuse
proliferative lupus nephritis resistant to conventional therapy. Pediatr
Nephrol. 2015;30(1):167–72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Shi et al. BMC Nephrology          (2019) 20:424 Page 8 of 8


	Abstract
	Backgrounds
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Mice and treatment
	Urine and serum biochemistry, and serum immunology
	Histopathological analysis
	Statistical analysis

	Results
	General conditions
	CRIg/FH reduce proteinuria and protect renal function in MRL/lpr mice
	CRIg/FH blocks complement activation in MRL/lpr mice
	CRIg/FH improves lupus nephropathy in MPL/lpr mice

	Discussion
	Conclusions
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

