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Anti–a-enolase antibody combined with b2 microglobulin

evaluated the incidence of nephritis in systemic lupus

erythematosus patients
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Objective: Anti–a-enolase antibody (Ab) combined with b2 microglobulin (b2-MG) were
investigated to predict the incidence of nephritis in systemic lupus erythematosus (SLE)
patients. Methods: Levels of serum anti–a-enolase Ab and urinary b2-MG were detected in
115 SLE patients, 29 SLE patients with nephritis and 70 healthy controls by ELISA and
immunoturbidimetry, respectively. Furthermore, the correlation between anti–a-enolase Ab
combined with b2-MG and the incidence of nephritis in SLE patients was evaluated by cor-
relation analysis. Results: The optical density value of serum anti–a-enolase Ab in SLE
patients with nephritis (0.84) was greatly increased compared with SLE patients (0.76) or
healthy controls (0.54). Moreover, the levels of urinary b2-MG in SLE patients with nephritis
(6.75mg/L) were increased compared with SLE patients (3.45mg/L) or healthy controls
(1.48mg/L). There was a positive correlation between the level of anti–a-enolase Ab and
b2-MG (r¼ 0.754). Furthermore, anti–a-enolase Ab combined with b2-MG for evaluating
the incidence of nephritis in SLE patients had the best assessment of the effectiveness (area
under the receiver operating characteristic curve (AUC): 92.7%) compared with only anti–
a-enolase Ab (AUC: 80.9%) or b2-MG (AUC: 84.5%). Conclusion: These data suggested that
anti–a-enolase Ab may be a potential indicator for the prediction of nephritis in SLE
patients. Lupus (2019) 28, 365–370.
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Introduction

Systemic lupus erythematosus (SLE) is a systemic
autoimmune disease with a highly variable course
and prognosis. The management of the disease is
still a clinical challenge for the treating physicians
in many aspects regarding the disease pathogenesis,
clinical picture and outcomes.1–3 Renal disease is a
frequent complication of SLE which can lead to
significant illness and even death.4,5 Early diagno-
sis of renal disease can be helpful in the case of
flares in SLE patients with an already estab-
lished chronic renal insufficiency or in the case of
patients who do not respond to treatment.4

Therefore, development of optimal clinical diag-
nostic indicators for the nephritis in SLE patients
is highly necessary.

b2 microglobulin (b2-MG), a light-chain mol-
ecule of the major histocompatibility complex
class I antigens, is a low-molecular-weight
(11 kDa) protein located on the surface membrane
of almost all nucleated cells.6 In clinical work,
b2-MG is often used as a classic marker of renal
tubule lesion. In Madureira et al.’s study, the
authors suggested that serum b2-MG/cystatin C
index could be a better indicator of renal activity
in SLE.7 However, Wakabayashi et al. found that
serum b2-MG level is an indicator of disease activ-
ity and response to therapy in other diseases, such
as adult-onset Still’s disease (AOSD).8 So it is
necessary to find a more specific indicator to
evaluate the activity of SLE complicated with
nephritis.
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a-enolase catalyzed the dehydration from
2-phosphoglycerate to phosphoenolpyruvate in
the glycolytic pathway, as a multifunctional
protein encoded by a single copy gene localized
on chromosome 1.9 Meanwhile, a-enolase is a
component of the complex neutrophil extracellular
trappings (NETs) which are released by neutro-
phils via an active process coined NETosis.10

NETosis is a major trigger of autoimmunity in
lupus externalization of a-enolase during lupus
flares leading to formation of circulating a-enolase
antibody (Ab).11 Li et al. supported that anti–a-
enolase Ab associates with active renal disease in
SLE and might reflect a state of active auto-
immunity and fibrinolysis inhibition.10 Especially,
Bruschi et al. found that serum anti–a-enolase
and/or anti-annexin AI were detected in most
patients with lupus nephritis (LN) but not patients
with other glomerulonephritides, and serum levels
of both autoantibodies decreased significantly
after 12 months of therapy for LN. Isotype ana-
lysis of anti–a-enolase in glomerular eluates
showed maximal amount of IgG2 (11/20 patients),
minimal amount of IgG1 and negative IgG3 and
IgG4.12 However, others have found the link of
anti–a-enolase Ab with inflammatory diseases
such as inflammatory bowel disease, SLE,
rheumatoid arthritis, Alzheimer’s disease or psor-
iasis.13,14 Therefore, applying anti–a-enolase alone
has certain limitations in responding to kidney
damage.

In this study, we investigated the clinical signifi-
cance of serum anti–a-enolase Ab and b2-MG level
to predict the incidence of nephritis in SLE by
reviewing medical records and the results of labora-
tory tests.

Materials and methods

Participants

This study enrolled 115 SLE patients, 29 SLE
patients with LN and 70 healthy controls in Sun
Yat-sen University affiliated Zhongshan Hospital
hospitalized from June 2016 to February 2018.
Informed consents were obtained from all individ-
ual participants. Clinical and laboratory data which
were required to assess disease activity were rec-
orded. Serum from 144 SLE patients and 70
healthy individuals were immediately frozen at
–80�C. All of the SLE patients or healthy controls
displayed no evidences of infection, including past
or current infection.

Data extraction

Clinical characteristics and laboratory test results
of all enrolled subjects were extracted from the
medical records. In addition, SLE Disease
Activity Index 2000 (SLEDAI-2K), a global index
based on the symptoms and laboratory findings,15

was calculated according to medical records from
each patient.

ELISA

The serum obtained from 144 SLE patients and 70
healthy controls were subjected to ELISA
(#JL46123, Jianglai Biological, China), according
to the manufacturer’s instructions. Briefly, the
Stop Solution changes the color from blue to
yellow and the intensity of the color is measured
at 450 nm using a spectrophotometer. In order to
measure the concentration of anti–a-enolase Ab in
the sample, this anti–a-enolase Ab ELISA Kit
includes a set of calibration standards. The calibra-
tion standards are assayed at the same time as the
samples and allow the operator to produce a
standard curve of optical density (OD) versus
anti–a-enolase Ab concentration. The concentra-
tion of anti–a-enolase Ab in the samples is then
determined by comparing the OD of the samples
to the standard curve.

Ethics

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Board of the Sun Yat-sen University affiliated
Zhongshan Hospital. This study had no influence
on the subsequent management of patients.

Statistical analysis

Continuous variables were displayed as
mean� standard deviation and compared by
Student’s t test or Mann–Whitney U test. The
Spearman approach was used to analyze the correl-
ation between two continuous variables. All the
statistical analyses were performed in SPSS 17.0
and GraphPad Prism 5.0. A p value< 0.05 was
determined as significant.

Results

Clinical characteristics of the participants

Clinical characteristics of the 144 patients (115 SLE
patients and 29LN patients) and 70 healthy con-
trols used in this study are shown in Table 1.

Incidence of nephritis in SLE patients
Y Huang et al.

366

Lupus

十一1369026984
Highlight

十一1369026984
Highlight



Levels of serum anti–�-enolase Ab and urinary
b2-MG were increased in SLE with nephritis patients

Serum uric acid, serum cystatin C, creatinine and
urea can reflect the function of the kidney.
Compared with the control group, levels of serum
uric acid (308.62� 67.60 lmol/L) and cystatin

C (0.97� 0.28mg/L) were increased in the
SLE group. Furthermore, levels of serum uric
acid (365.90� 125.45 lmol/L, Figure 1(a)) and
cystatin C (1.40� 0.86mg/L, Figure 1(b)) were
increased significantly in LN patients. However,
levels of serum creatinine (Figure 1(c)) and urea
(Figure 1(d)) showed no significant differences
between the three groups. b2-MG is a useful indi-
cator of disease activity and response to therapy in
SLE.8 Levels of urinary b2-MG were
1.48� 0.38mg/L in the control group, 3.45�
3.27mg/L in the SLE group, 6.75� 6.75mg/L in
LN patients. Increased urinary b2-MG was observed
in SLE patients with nephritis (Figure 2(a)). Anti–
a-enolase Ab was associated with active renal disease
in SLE.10 As shown in Figure 2(b), patients with
nephritis displayed significantly higher levels of
anti–a-enolase Ab (OD value: 0.84� 0.02) compared
with SLE patients (0.54� 0.17, p¼ 0.01).

Correlation between anti–�-enolase Ab and SLE
complicated with nephritis

Firstly, we analyzed the correlation between serum
anti–a-enolase Ab level and the above renal
function indicators. Table 2 shows the r and

Figure 1 Renal function indicators serum uric acid (UA) (a), cystatin C (CysC) (b), creatinine (Cr) (c) and urea (d) in healthy
controls, systemic lupus erythematosus (SLE) patients and lupus nephritis (LN) patients.

Table 1 Characteristics of participants

SLE patients Healthy controls p value

Age (y) 38� 13 45� 15 NS

Gender (male/female) 10/134 20/50 NS

RBC 4.22� 0.71 4.58� 0.46 0.001

HGB 119.26� 20.86 136.99� 13.24 0.001

D-dimer 1.67� 2.17 0.34� 0.08 0.001

C3 0.81� 0.27 1.18� 0.16 0.001

C4 0.17� 0.08 0.28� 0.06 0.001

IgA 2.83� 1.37 2.30� 0.74 0.091

IgG 12.55� 5.43 11.40� 1.95 0.009

IgM 1.01� 0.54 1.19� 0.50 0.176

ASO 52.66� 57.15 — —

RF 32.66� 131.85 — —

SLEDAI-2K score 9.5� 4.6

ASO: anti-streptolysin O; C3: complement 3; C4: complement 4; HGB:

hemoglobin; RBC: red blood cell; RF: rheumatoid factor; SLE: sys-

temic lupus erythematosus; SLEDAI: SLE Disease Activity Index

2000.
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p values from the correlation analysis. We found
b2-MG had the highest correlation with anti–a-
enolase Ab (r¼ 0.754).

Then, we utilized anti–a-enolase Ab combined
with b2-MG to predict the incidence of nephritis
in SLE patients. We found that anti–a-enolase Ab
combined with b2-MG for evaluating SLE compli-
cated with nephritis had the best assessment of the
effectiveness (area under the receiver operating
characteristic curve (AUC): 92.7%) compared
with only anti–a-enolase Ab (AUC: 80.9%) or
b2-MG (AUC: 84.5%), respectively (Figure 3 and
Table 3). These data suggested that anti–a-enolase
Ab may be a potential indicator for SLE combined
with nephritis disease.

Discussion

In the present study, we observed elevated levels of
serum anti–a-enolase Ab in SLE patients. The
serum level of anti–a-enolase Ab was relatively
higher in the LN patients, and positively correlated
with b2-MG. This is in line with previous studies
detecting anti–a-enolase Abs in patients with SLE
involving renal damage.10,12 Moreover, our results
also showed that serum level of anti–a-enolase Ab

positively correlated with the level of uric acid,
cystatin C, creatinine and urea. This means that
an elevated level of anti–a-enolase Ab may be a
marker reflecting overproduction in active SLE
patients with renal involvement. The major finding

Figure 2 Urinary b2 microglobulin and serum anti–a-enolase antibody in health controls, systemic lupus erythematosus (SLE)
patients and lupus nephritis (LN) patients.

Figure 3 Receiver operating characteristic (ROC) curve for
evaluating systemic lupus erythematosus complicated with
nephritis by anti–a-enolase antibody (Ab) and b2 microglobu-
lin (b2-MG).

Table 3 Evaluating SLE complicated with nephritis by anti–

a-enolase antibody and b2 microglobulin.

AUC p value
Sensitivity
(%)

Specificity
(%)

Youden
index

b2-MG 0.845 0.004 81.8% 90.0% 0.718

Anti–a-enolase Ab 0.809 0.001 82.2% 90.5% 0.727

b2-MG and
anti–a-enolase Ab

0.927 0.001 91.9% 93.3% 0.852

Ab: antibody; AUC: area under the curve; b2-MG; b2 microglobulin.

Table 2 Analysis of the correlations between serum anti–
a-enolase antibody level and b2 microglobulin (b2-MG),

creatinine, uric acid and urea.

b2-MG Creatinine Uric acid Urea

r 0.754 0.608 0.728 0.491

p value 0.028 0.001 0.011 0.001
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of this work demonstrated that anti–a-enolase Ab
combined with b2-MG could evaluate the incidence
of nephritis in SLE patients more effectively.

Bruschi et al. have done great work on anti–
a-enolase in LN. The authors showed that the
major isotype of anti-ENO is IgG2, which is a cru-
cial point. However, the results of anti-ENO iso-
type were paradoxical. The result from the sample
of renal biopsies showed maximal IgG2 (11/20
patients) and a minimal amount of IgG1; anti–a-
enolase IgG3 and IgG4 were negative. But the
result from the sample of serum showed that
IgG2 was higher; IgG1 and IgG3 serum levels
were undetectable in all patient categories; IgG4
was negative in LN and SLE patients.12 Actually,
in 2011, Bruschi et al. found that specific IgG1 and
IgG4 reacting with podocyte a-enolase were eluted
from microdissected glomeruli.16 Therefore, circu-
lating anti–a-enolase (a target antigen of auto-
immunity in humans) autoantibodies can be
detected, but the total anti-ENO or the anti–
a-enolase IgG2 in serum should be chosen needs
more research. It has been suggested that serum
b2-MG level would be a useful indicator of disease
activity and response to therapy, and a much higher
level would be an indicator of either hepatopul-
monary syndrome development or an unfavorable
prognosis in patients with SLE and AOSD.8,17

However, urinary b2-MG level for evaluating
SLE complicated with nephritis is not well under-
stood. In this study, we observed elevated levels of
urine b2-MG level in SLE patients compared with
healthy controls. The serum level of urinary b2-MG
was relatively higher in the LN patients group than
in the SLE patients group. When anti-a-enolase Ab
combined with b2-MG were used to evaluate the
incidence of nephritis in SLE patients, the area
under the receiver operating characteristic curve
(AUC) is 0.927. It is higher than anti-a-enolase
Ab (0.809) or b2-MG (0.845) alone. Previous stu-
dies showed that b2-MG was a disease activity
marker in SLE.17–19 On the other hand, we also
found that both the levels of serum anti–a-enolase
Ab and urine b2-MG were higher in active SLE
patients, and positively correlated with SLEDAI
scores (data not show). In future studies, we aim
to further investigate the relationship between
serum anti–a-enolase Ab and markers for SLE
activity including C3, C4, CRP and dsDNA.

In conclusion, anti–a-enolase Ab combined with
urinary b2-MG for evaluating SLE complicated
with nephritis had the best assessment of the effect-
iveness. We hope that its usefulness will be further
investigated in a larger patient population.
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