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Predictive Biomarker Panel in Proliferative Lupus Nephritis, 
Two-Dimensional Shotgun Proteomics
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Mohsen Nafar,2 Amir Ata Saei,3 Somaye-Sadat Heidari,2 
Ahmad Reza Baghestani,5 Shiva samavat2

Introduction. Lupus nephritis (LN) is one of the most serious 
complications of systemic lupus erythematous (SLE). With no 
specific clinical or laboratory manifestation to predict response to 
treatment, this study was aimed to provide a panel of predictive 
biomarkers of response before initiation of treatment.
Methods. Liquid chromatography tandem mass spectrometry (LC-
MS/MS) analysis was performed on plasma and urine samples of 11 
patients with biopsy proven proliferative LN at the time of biopsy. 
Unsupervised principal component analysis (PCA), orthogonal 
projection to latent structures discriminant analysis (OPLS-DA), 
gene ontology annotation and protein mapping were performed 
on 326 proteins in plasma and 1381 proteins in urine samples.
Results. Samples of eight patients achieved complete remission 
and three reached partial remission were analyzed. The mean 24-
hour protein excretion was 3259 mg/d and the mean eGFR was 
87.73 cc/min. OPLS-DA analysis of plasma samples showed a 
clear discrimination for complete and partial remission patients. 
Twenty plasma proteins and ten urine proteins with the highest 
fold changes and AUCs were selected as candidate biomarkers 
(IGHV1-18, PI16, IGHD, C3, FCER2, EPS8L2, CTTN, BLVRB). This 
plasma and urine biomarker panel is involved in oxidative stress, 
acute inflammation, reduction in regulatory T cells, complement 
pathway consumption, and proximal tubule bicarbonate reclamation.
Conclusion. Our suggested panel of plasma and urine biomarkers 
can precisely discriminate patients with possibility of complete 
response to treatment. It seems that the higher indices of inflammation 
will associate with better chance of achieving complete remission.
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INTRODUCTION
SLE is an autoimmune multisystem disease. 

Up to 80% of patients with SLE will develop 
LN, a serious complication which may lead to 
end stage kidney disease and is associated with 
poor survival.1 Diagnosed by kidney biopsy, 
the mainstay of treatment in proliferative LN 
is immunosuppressive therapy. Various clinical 
and laboratory characteristics were proposed 

as predictive markers of responsiveness to 
treatment at the 6th month, such as baseline C4 
level, estimated glomerular filtration rate (eGFR), 
reduction in proteinuria,2 and increase in serum 
albumin level after 3 months.3 Waiting six months 
after initiation of induction therapy to evaluate 
whether the desired response is achieved or 
not, as recommended by American College of 
Rheumatology (ACR), may result in irreversible 
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kidney damage. Biomarkers may help to predict 
response to treatment at induction and may guide 
physicians to change treatment earlier if proper 
response is not detected. Furthermore, they may 
help to choose specific immunosuppressive drugs 
with higher chance of response. In order to introduce 
a panel of biomarkers which may predict response 
to therapy among patients with proliferative LN, 
we performed proteomics study on the plasma 
and urine samples of patients with biopsy proven 
class III or IV LN at the time of kidney biopsy, 
and followed them for up to 4 years.

MATERIALS AND METHODS
Patients

Nineteen patients (3 males and 16 females) with 
biopsy-proven LN were consecutively enrolled in 
this study during 2015 and 2016, at Labbafinejad 
Hospital. Pathology samples were reviewed by 
a single pathologist and were reported based on 
2003 International Society of Nephrology (ISN) and 
the Renal Pathology Society (RPS). Demographic 
characteristics of the patients, laboratory findings, 
eGFR based on CKD-EPI equation, and the amount 
of proteinuria at the time of biopsy were recorded. 
Patients with co-morbidities like diabetes, infections 
and malignancies, and gross hematuria were 
excluded. Urine and plasma samples were collected 
on the day of biopsy. Informed consents were 
obtained from all patients according to consent 
form of “Medical Ethics” committee of Shahid 
Beheshti University of Medical Sciences. Patients 
were followed for up to 4 years, and response to 
treatment was evaluated. Remission was defined 
according to the following criteria:4 Complete 
response as urine protein < 500 mg/24h plus (near) 
normal renal function, and partial response as 
more than 50% decrease in proteinuria, to at least 
sub-nephrotic levels plus stabilization of serum 
creatinine levels.

Samples Collection and Preparation
Plasma. Five mL blood was collected from 

patients in tubes containing K2EDTA.plasma 
was separated carefully from the sediment after 
centrifugation at 4000 rpm for 8 minutes at 4°C. 
Protease inhibitor was added to plasma and stored 
at -80°C.

Urine. Approximately 20 to 40 mL of second 
morning midstream urine were collected and treated 

with protease inhibitor cocktail (Sigma). Samples 
were concentrated and desalted by ultrafiltration 
following Kalantari et al.5 and stored at −80°C for 
further processing.

Protein Assay and Reduction/Alkylation
Sample preparation protocol was similar to Saei 

et al.6 The protein concentration in plasma and urine 
samples was measured using Pierce BCA Protein 
Assay (Thermo Scientific). Fifty μg of proteins were 
reduced and alkylated with 15 mM dithiothreitol 
and 20 mM iodoacetamide, respectively.

Protein Precipitation and Digestion
Proteins were precipitated by sequentially adding 

methanol, chloroform and water (4:1:3 v/v/v) to 
each sample and centrifuging at 21,000 g for 10 
min. Each protein pellet was dissolved in 20 mM 
EPPS buffer (pH 8.5) containing 8 M urea and then 
digested with Lysyl endopeptidase LysC (Wako 
Pure Chemical Industries) and trypsin (Promega) 
at a ratio of 1:50 enzyme:protein.

TMT10plex Mass Tag Labeling
Samples were labeled with adding 10 μL of 

TMT10plex reagents dissolved in 40 μL of anhydrous 
acetonitrile (Thermo, Catalog Number: 90110) and 
incubated for 2h at room temperature. Each set 
of 10 samples were pooled, cleaned and desalted 
using Sep-Pak C18 (Waters). The samples were 
dried in Speedvac and stored at −80°C.

High pH Reversed-Phase Chromatography
Labeled peptides were fractionated into eight 

fractions using pierce high pH reversed-phase 
peptide fractionation Kit (Thermo) according 
to the manufacture’s protocol (Thermo, Catalog 
Number: 84868). Fractions were dried using 
SpeedVac concentrator and stored at −80°C prior 
to LC-MS/MS analysis.

LC-MS/MS Analysis
One micrograms of labeled peptides were loaded 

onto a 50 cm EASY-Spray column (75 μm internal 
diameter, packed with PepMap C18, 2 μm beads, 
100 Å pore size) connected to a nano flow Dionex 
UltiMate 3000 UPLC system (Thermo). Mass spectra 
were acquired with an orbitrap elite hybrid mass 
spectrometer (Thermo) in data-dependent mode 
at a nominal MS resolution of 120,000. From each 
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survey mass spectrum, 10 most abundant precursor 
ions were selected for MS/MS and isolated in a 
quadrupole with a 1.0 m/z unit window. The 
MS/MS fragments were detected with a nominal 
resolution of 30,000 in the m/z range from 375 
to 1,200.

Data Processing
MaxQuant software version 1.5.6.5 was used 

for searching raw data.7,8 The MS/MS data were 
searched using Andromeda search engine.9 Search 
parameters was set as follow: Mass tolerance for 
precursor ions was 20 ppm (initial search) and 4.5 
ppm (main search) and the MS/MS mass tolerance 
was set at 20 ppm. Cysteine carbamidomethylation 
was used as a fixed modification, while methionine 
oxidation and N, Q-deamidation were selected as 
variable modifications. Trypsin/P was selected 
as enzyme specificity. No more than two missed 
cleavages were allowed. A 1% false discovery rate 
was used as a filter at both protein and peptide 
levels. Reporter ion MS2 and 10plex TMT were 
selected as parameters for labeled raw files. For 
all other parameters, the default settings were 
used. After removing all the contaminants, only 
proteins with at least two peptides were included 
in the final dataset.

Statistical Analysis
The quantitative proteome data was subjected 

t o  mul t ivar ia t e  s t a t i s t i ca l  ana lys i s  us ing 
SIMCA (SIMCA 15, Umetrics, Umea, Sweden). 
Unsupervised principal component analysis (PCA) 
was performed without consideration of group 
information for observing the overview of the 

data structure. The subset of proteins with the 
highest potential to separate individuals based 
on their follow-up condition were identified with 
orthogonal partial least squares-discriminant 
analysis (OPLS-DA), and then protein selection 
was performed using the combination of Variable 
Influence in Projection (VIP) more than 1 and p 
(corr) more than 0.5.10 

Gene Ontology Annotation
Gene ontology annotation and network analyses 

was performed by mapping the proteins to the 
PANTHER Classification System version 15.0,11 
STRING aversion 11.012 and DAVID version 6.8.

RESULTS
Clinical and Pathological Characteristics of 
Patients

Nineteen patients with biopsy-proven LN (mean 
age 33.9 years) were included in this study. Two 
patients with End-Stage Renal Disease (ESRD, 
interstitial fibrosis and tubular atrophy > 70%) 
and one dead patient were excluded. Based on 
ISN/RPS 2003, class III, Class IV and Class V were 
diagnosed in 1, 13, and 2 of cases, respectively. 
Among patients with proliferative LN (class III and 
IV), 11 patients completed the follow up period. 
All the patients were treated with prednisolone, 
Mycophenolate Mofetil/Sodium (MMF), and 
hydroxychloroquine as the initial treatment. In 
two patients in partial response group, Tacrolimus 
was added to induce remission after failing to 
achieve complete remission. Three patients were 
treated with Rituximab in order to induce complete 
remission, and successful remission achieved in 

Patient Age (year) Gender eGFR*
(cc/min)

Proteinuria
(mg/d)

Activity Index
(0 to 24)

Chronicity Index
(0 to 12)

IF/TA#
(%)

Response to 
Treatment

1 29 Female 76 3400 10 2 15 Complete
2 30 Female 116.3 2200 10 1 5 Complete
3 40 Female 92.2 7650 8 2 10 Complete
4 25 Female 78.2 1615 7 1 15 Complete
5 69 Female 62.5 4000 9 1 10 Complete
6 17 Female 132.6 3480 7 1 10 Partial
7 30 Female 98.9 1175 8 2 5 Complete
8 29 Male 53.3 4830 8 1 10 Partial
9 42 Female 67.8 2800 11 1 5 Complete
10 30 Female 85.8 2150 9 2 10 Partial
11 26 Female 101.8 2550 7 1 5 Complete

Table 1. Clinical, Laboratory, and Pathologic Characteristics of Patients with Proliferative Lupus Nephritis

*eGFR: estimated glomerular filtration rate
#IF/TA: interstitial fibrosis and tubular atrophy
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two of them.
Eight patients achieved complete remission and 

three reached partial remission. The mean 24 h 
protein excretion was 3259 mg/d and the mean 
eGFR was 87.73 cc/min. The mean activity index 
was 8.5 and chronicity index was 1.36. Mean of 
interstitial fibrosis and tubular atrophy was 9% 
(Table 1).

Plasma
Unsupervised Statistical Analysis by PCA. A 

total of 326 unique proteins were identified and 
quantified by LC-MS/MS in plasma samples. 
PCA score plot showed that patients with partial 
remission separate from the other patients especially 
from patients with completed remission (Figure 1A). 
This indicates the large differences between the 

A

B

Figure 1. A) Unsupervised PCA Scores Plot Based on 326 Quantified Proteins Across All 19 Plasma Samples, B) OPLS-DA Scores Plot 
Based on 326 Quantified Proteins Across All 19 Plasma Samples (Abbreviations: LN, Lupus Nephritis; C, completed remission; P, partial 
remission; UN, unknown; ES, end-stage).
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protein profiles of patients with partial and complete 
remission. There were no outliers on PCA score 
plots, which means that no confounding factor 
affected our study.

Supervised Statistical Analysis. OPLS-DA 
model was created for all 19 LN patients. OPLS-DA 
scores plot (Figure 1B) visualizing the separation 
of the subjects, showed a clear separation between 

groups. All patients in different groups clustered 
together. The clustering illustrated in Figure 1B 
indicates the large difference between the patient 
plasma protein profiles. 

Variable Selection. OPLS-DA model could clearly 
separate complete and partial remission patients 
(Figure 2A) indicating a large difference in plasma 
protein profiles between two groups. Variable 

A

B

Figure 2. A) OPLS-DA Score Plot for Two Groups of Patients by Plasma Samples (Abbreviations: C, complete remission; P, partial 
remission) Used for Variable Selection, B) Variable Selection in Plasma Samples Using the Combination of Variable Influence in 
Projection (VIP) and P (corr), Using VIP > 1.0 and |p(corr)| > 0.5 as Inclusion Criteria.
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selection (Figure 2B) showed 79 differential proteins 
of which 55 and 24 proteins had a significantly 
higher abundance in patients with complete and 
partial remission respectively. Twenty proteins 
with the highest fold changes and AUCs were 
identified as candidate biomarkers (Table 2).

Gene Ontology Analysis.  Gene ontology 
enrichment analysis (Figure 3) based on molecular 
function revealed that most of 79 differentially 
represented proteins were involved in “binding” 
(59.5%). Many proteins mapped to the biological 
process of “response to stimulus” (15%). Based 
on cellular component, most of these proteins 
originated from “extracellular region” (39.2%). 

STRING protein network analysis of 20 candidate 
biomarkers showed that 11 proteins had strong 
interactions in a significant network. No interaction 
was found for two other proteins (Figure 4). Pathway 
analysis according to KEGG database revealed 
that the majority of candidate biomarkers were 
involved in “complement pathway”.

Urine
Unsupervised Statistical Analysis by PCA. 

A total of 1,381 unique proteins were identified 
and quantified by LC-MS/MS in urine samples. 
Score plot (Figure 5A) showed that there was no 

clustering among patients based on their urine 
protein profiles. This implies the relatively small 
differences between the patient urine proteome 
profiles.

Supervised Statistical Analysis. OPLS-DA 
scores plot of all patients showed clusters for two 
patients with partial remission separating them 
from other patients. Two end-stage cases clustered 
together, while the dead case was not separated 
from the others. All the other subjects clustered 
together (Figure 5B).

Variable Selection.  OPLS-DA score plot 
(Figure 5C) showed a clear discrimination between 
two groups of partial and complete remission 
and variable selection was performed. In total, 
278 proteins significantly contributed to the 
discrimination of subjects with complete versus 
partial remission, of which 118 and 160 proteins 
were significantly over-represented in patients with 
complete and partial remission respectively. Ten 
proteins with the highest fold changes and AUCs 
were selected as candidate biomarkers (Table 3).

Gene Ontology Analysis.  Gene ontology 
enrichment analysis of 278 differential proteins 
(Supplementary File) showed “binding” (39.2%) 
and “catalytic activity” (37.4%) as the major 

Protein Names Gene Names Fold Change* Change 
Direction AUC**

Immunoglobulin Heavy Variable 1-18 IGHV1-18 4.98 Up 1
Ig Kappa Chain V-I Region AU 4.72 Up 1
Peptidase Inhibitor 16 PI16 2.18 Down 1
Ig Delta Chain C Region IGHD 7.71 Down 0.96
Complement C3 C3 2.93 Down 0.96
Haptoglobin-related Protein HPR 2.55 Down 0.96
Complement Factor H-related Protein 5 CFHR5 3.27 Down 0.95
Immunoglobulin Lambda Variable 3-12 IGLV3-12 4.74 Down 0.92
Immunoglobulin Heavy Variable 4-4 IGHV4-4 3.24 Up 0.91
Ig Lambda Chain V-IV Region Bau 30.17 Up 0.87
Prenylcysteine Oxidase 1 PCYOX1 3.84 Down 0.87
Glutathione Peroxidase GPX3 3.09 Up 0.87
Ig Alpha-2 Chain C Region IGHA2 2.09 Down 0.87
C-reactive Protein (1 to 205) CRP 5.96 Up 0.79
Catalase CAT 3.09 Up 0.79
Mannose-binding Protein C MBL2 2.98 Down 0.79
Serum Amyloid A-1 Protein SAA1 7.33 Up 0.75
Lipopolysaccharide-binding Protein LBP 2.98 Up 0.75
Filaggrin-2 FLG2 2.98 Up 0.64
Vitamin D-binding Protein GC 57.97 Down 0.62

Table 2. Differentially Expressed Plasma Proteins in Lupus Nephritis Patients with Complete Remission Compared to Partial Remission

*Fold Change Based on Peak Intensity
**AUC: area under curve
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molecular function of most proteins and “cellular 
process” (22.9%) was the major biological process. 
Identified proteins mainly originated from “cell” 
part (39.2%).

STRING analysis showed no protein-protein 
interaction between 10 candidate biomarkers. In 
addition, pathway analysis according to KEGG 
database revealed that candidate biomarkers 
were involved in “proximal tubule bicarbonate 

reclamation”, “bile secretion” and “hematopoietic 
cell linage”.

DISCUSSION
Here, we evaluated serum and urine proteome of 

patient with biopsy proven LN at the time of biopsy 
and followed them for four years. We suggested 
a panel of plasma and urine biomarkers that may 
help predicting response to treatment at diagnosis. 
Seventy-nine discriminating proteins in serum 
samples and 278 proteins in urine samples were 
identified, of which 20 and 10 with highest fold 
change were selected as biomarkers, respectively. 
By applying unsupervised PCA and supervised 
OPLS-DA models, we were able to discriminate 
patients achieving complete remission from those 
with partial remission in serum samples, while in 
urine samples, only OPLS-DA scores plot of samples 
discriminates patients with partial and complete 
response. Pathway analysis revealed complement 
pathway in serum samples. Regarding Biomarkers 
with higher fold change and AUC did not show 
any protein-protein interaction, and pathway 
analysis pointed out proximal tubule bicarbonate 
reclamation pathways, which might be due to 
unspecific tubular damage. These biomarkers are 
involved in different aspects of pathogenesis and 
activity of LN.

Heighten apoptosis along with impaired clearance 

Figure 4. STRING Network Analysis of 20 Most Important Up/
down-regulated Proteins in Plasma (13 proteins were identified 
by STRING, 11 proteins were involved in protein-protein 
interactions network and two proteins with no interaction).
Co-Expressed proteins: GC-CRP, SAA1-CRP, LBP-SAA1, C3-
MBL2, C3-SAA1, C3-LBP, CRP-MBL2, GC-MBL2, LBP-MBL2, 
CFHR5-MBL2, LBP-CFHR5 and CRP-CFHR5.

Figure 3. Gene Ontology Enrichment Analysis of 79 Most 
Important Proteins in Plasma
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A

B

C

Figure 5. A) Unsupervised PCA Scores Plot Based on 1381 Quantified Proteins Across All 19 Urine Samples, B) OPLS-DA Scores Plot 
Based on 1381 Quantified Proteins Across All 19 Urine Samples, C) OPLS-DA Score Plot for Two Groups of Patients by Urine Samples 
(Abbreviations: LN, lupus nephritis; C, completed remission; P, partial remission; UN, unknown; ES, end-stage.
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of apoptotic bodies is one of the main proposed 
aspects in pathogenesis of SLE, which can lead 
to exposure of intracellular antigens to immune 
system and autoantibody formation.13 Enhanced 
oxidative stress and H2O2 within lymphocyte 
makes them susceptible to induced apoptosis and 
therefore autoantibody formation.14 On the other 
hand, H2O2 production is enhanced by a prooxidant 
enzyme named prenylcyteine oxidase, which cleaves 
prenylcysteines to cysteine and produces a molecule 
of H2O2.15 Antioxidant defense system includes 
catalase, superoxide dismutase, and glutathione 
peroxidase. Studies have demonstrated reduced 
activity of glutathione peroxidase and antibody 
against catalase in SLE.16,17 Flavin reductase is a 
key enzyme of respiratory chain and supply the 
source of cell hydrogen for many oxidoreduction 
reactions including glutathione reduction which 
participates in antioxidant defense system.18 Our 
data showed higher serum glutathione peroxidase 
and catalase, lower prenylcyteine oxidase levels and 
reduced urinary flavin reductase among patients 
with complete remission, which might be a sign 
of heightened defense against oxidative stress. 
Thus, oxidative stress could theoretically lessen 

the chance of therapeutic response.
Furthermore,  autoantibody formation in 

SLE promotes inflammation, and markers of 
acute inflammation are correlated with disease 
activity. Along with well-known acute phase 
reactant,  C-reactive protein (CRP),  a novel 
inflammatory marker, serum amyloid A (SAA), is 
found in patients with active SLE in comparison 
with patients with inactive disease. SAA level 
was correlated with CRP and disease activity 
scores.19 Another theory in pathogenesis of SLE 
is systemic exposure to intestinal microbiota and 
their lipopolysaccharides (LPS). Ayyappan et al, 
demonstrated that LPS binding to LPS binding 
protein (LBP) leads to macrophage activation and 
increased sCD14, lysozyme and CXCL16 level 
as markers of circulating antimicrobial response 
factors (ARFs), and these markers were associated 
with disease activity.20 In line with the mentioned 
theory, serum level of LPS and acetate and tissue 
expression of LBP were significantly higher 
among patients with LN than patients with other 
glomerular diseases and healthy controls.21 In 
rheumatoid arthritis (RA), LBP is shown to be a 
sensitive marker of disease activity,22 and decrease 

Protein Names Gene Names Fold Change* Change Direction AUC**
Low Affinity Immunoglobulin Epsilon Fc Receptor FCER2 45.32 Up 1
Epidermal Growth Factor Receptor Kinase Substrate 8-like Protein 2 EPS8L2 33.04 Up 1
Src Substrate Cortactin CTTN 20.34 Up 0.93
Flavin Reductase (NADPH) BLVRB 11.84 Down 0.93
Aquaporin-1 AQP1 7.05 Down 0.92
UPF0669 Protein C6orf120 C6orf120 25.59 Down 0.9
Platelet Glycoprotein V GP5 7.88 Down 0.9
Sodium/potassium-transporting ATPase Subunit Beta-1 ATP1B1 14.13 Up 0.85
Ubiquitin-like Modifier-activating Enzyme 1 UBA1 23.88 Up 0.83
Protocadherin Alpha-8 PCDHA8 8.32 Down 0.83

Table 3. Differentially Expressed Urine Proteins in Lupus Nephritis Patients with Complete Remission Compared to Partial Remission

*Fold Change Based on Peak Intensity
**AUC: area under curve

Supplementary File. Gene Ontology Enrichment Analysis of 278 Most Important Proteins in Urine
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in its glycosylation occurs early in the course of 
disease is reversed by response to treatment.23 
Haptoglobin, another acute phase reactant, has been 
shown to be elevated in urine samples of patient 
with active LN 24- 26) in several studies including 
ours (data not shown), and its under-expression 
in serum samples of responder group might be 
due to the increased urinary excretion. A study 
demonstrated that urinary haptoglobin declined 
following treatment.26 Thus, along with SAA and 
CRP, the heightened LBP level and haptoglobin 
among the responder in our study may point out 
the more active disease and better response to 
immunosuppression.

Moreover, regulatory T (T reg CD25+/CD4+) 
cells have an important role in peripheral tolerance 
to self-antigens. Defects in Treg function or 
frequency has been proposed to be involved in the 
pathogenesis of SLE, as Tregs have a crucial role in 
control of undesirable inflammatory responses.27 
A recently portrayed marker of Tregs is peptidase 
inhibitor 16 (PI16). Tregs expressing PI16 along 
with CD25 migrate to the inflammation site in 
response to CCL17 and CCL20 in order to regulate 
the immune response.28 In patients with active SLE, 
a wide range of changes in abundancy of Tregs 
have been reported, from reduced to even increased 
numbers. However, in a recent meta-analysis, the 
absolute number of peripheral Treg was low in 
patients with active SLE. Furthermore, authors 
showed functional modification of Tregs in active 
SLE.29 Our data exhibited decreased expression of 
PI16 in plasma of patients with complete remission 
in comparison with those with partial remission. 
This finding can be translated to reduced number 
of Tregs and greater inflammatory response. The 
higher the inflammation, the more effective the 
immunosuppressive treatment.

All three complement pathways are somehow 
involved in pathogenesis and injury in SLE. 
Concerning the correlation between serum Mannose 
binding lectin (MBL) level and SLE activity and 
LN, the reports are contradictory. On one hand, 
patients with low MBL level were reported to be 
susceptible to SLE and had higher disease activity 
early in the course of disease. On the other hand, 
plasma level of MBL has been reported to directly 
correlated with disease activity. These findings 
could be explained by two theories. First theory 
is based on MBL function in pathogenesis of SLE. 

MBL acts as a double-edged sword, low level of 
MBL is associated with retained apoptotic bodies 
and antibody formation in SLE, and high levels 
of MBL causes complement activation and tissue 
damage.30-34 The second theory is that MBL level 
is a function of production and consumption of 
complement proteins. In line with the second 
theory, low level of serum C3 is the consequence 
of complement system activation and consumption 
of complement system proteins.35 The latter seems 
to be true in our cases. The other evidence of 
involvement of complement system in predicting 
response to treatment was lower serum complement 
factor H-related protein 5 (CFHR5). Along with 
factor H, CFHR5 works as a regulator of classic 
and alternative pathways. Data on the role of 
CFHR5 in LN is scarce. A recent study evaluated 
CFHR5function in LN reported that the higher 
serum level of CFHR5, the shorter progression 
free survival. In agreement with their finding, 
patients with lower CFHR5 show a better response 
to immunosuppressive therapy.36 Overall, our 
findings imply that low CFHR5 in conjunction 
with low C3 and MBL are the results of higher 
complement system and disease activity, which 
predict better response to treatment.

Elevated Filaggrin expression in plasma proteome 
of patients who achieved complete response may 
be due to more immunologic active early disease. 
Autoantibodies against citrullinated filaggrin 
has been found in RA and SLE. These antibodies 
are associated with arthritis and erosive SLE,37 
and develop earlier in the course of disease.38 
Citrullination of filaggrin induced by inflammation, 
it seems that autoantibodies against citrullinated 
filaggrin leads to NET formation which is followed 
by activation of B cells and plasmacytoid dendritic 
cells, and tissue injury early in the course of 
SLE.39 Elevated Filaggrin expression in plasma 
proteome of patients with complete response to 
immunosuppression in our study may be due to 
more immunologically active early disease.

V i t a m i n  D  b i n d i n g  p r o t e i n  ( D B P )  i s  a 
multifunctional protein that can be converted 
to macrophage act ivating factor (MAF) by 
d e g l y c o s y l a t i o n .  D B P - M A F  c a n  a c t i v a t e 
macrophages.40 Reduced DBP level and the resultant 
decrease in MAF activity has been proposed to 
play a part in pathogenesis of SLE.41  Besides, it 
plays a role in NET clearance, and DBP reduction 
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and NET accumulation can activate complement 
system. Furthermore, DBP can bind to leukocyte 
membrane and activate complement C5 system.40,42 
The etiology of decreased DBP level might be 
increased urinary loss. Several studies introduced 
DBP as a diagnostic urinary biomarker in LN 
including ours (data not shown).43,44 In addition, 
serum DBP has been reported to be lower in patients 
with neuropsychiatric SLE, when compared with 
SLE patients and healthy control.45 As it is evident 
by our results, lower plasma level of DBP among 
responder might be due to its role in pathogenesis 
of SLE and LN, yet data on the role of DBP in LN 
is scarce and needs further study.

EPS8L2 is a member of the Eps8 family and is 
a phosphorylation substrate for fibroblast growth 
factor receptor (FGFR) signaling pathway through 
its receptors and Src domains leading to actin 
remodeling and epithelial mesenchymal transition 
(EMT).46,47 Up regulation of EPS8L2 and Src 
substrate cortactin in urine of responders in our 
study might be the indication of earlier onset of 
fibrotic alterations in these patients compared to 
non-responders.

Overall, a panel of plasma and urine biomarkers 
including proteins involved in oxidative stress, 
acute inflammation, reduction in regulatory T 
cells, complement pathway consumption and 
proximal tubule bicarbonate reclamation was 
suggested. Thus, we may conclude that the higher 
the inflammation, the most probable to response 
to immunosuppressive therapy.

Despite limited sample size, our data can 
precisely discriminate patients with possibility of 
partial response at diagnosis and guide physicians 
to make timely decisions on immunosuppressive 
drug adjustment.

CONCLUSION
Our suggested panel of plasma and urine 

biomarkers can precisely discriminate patients with 
possibility of complete response to treatment. It 
seems that the higher indices of inflammation will 
associate with better chance of achieving complete 
remission. Future studies with larger number of 
participants are needed to validate and bring the 
panel from bench to bed.
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