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Abstract

Background: Lupus nephritis (LN) is an inflammation of the kidney that is one of the most serious
complications of SLE. Recent studies revealed that the Foxp3 plays an important role in the path-
ogenesis of SLE. Objectives: To measure Foxp3 mRNA expressions in peripheral blood of patients
with active and inactive form of lupus nephritis (LN) versus healthy control subjects and explore
its role in disease activity. Subjects and Methods: Real time PCR was used to detect the mRNA
expression of Foxp3 by SYBR Green technique in the peripheral blood mononuclear cells
(PBMNCs Foxp3) of 24 patients with active lupus nephritis (LN), 10 patients with inactive lupus
and 40 healthy subjects. Results: We found that Foxp3 mRNA expression level in both patient’s
groups (n=34) was significantly higher than that in normal control group (n=40), (p < 0.05). The
mRNA expression of Foxp3 in active stage (n=24) was higher than that in inactive stage (n=10),
(p< 0.05). Moreover, Foxp3 mRNA level positively correlated with SLEDAI (r=0.592, p <0.0001) and
with serum creatinine level (r= 0.576; P= 0.003). Conclusion: We concluded that PBMNCs foxp3
mRNA is markedly up-regulated in patients with active LN, and the level of expression is closely
correlated with the clinical disease activity. Measurement of Foxp3 mRNA in peripheral blood
may be a non-invasive risk biomarker for assessing the disease severity in LN.
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Tregs are a specialized subset of T cells that
function to control the immune response.

Introduction

Lupus nephritis (LN) is one of the most crit-
ical complications of systemic lupus ery-
thematosus (SLE), as about 60% of SLE pa-
tients can show this end-organ involve-
ment(+?). LN develops early in the sequence
of SLE therefore becoming a major predic-
tor of poor prognosis. LN treatment is con-
sidered a great challenge because of its un-
predictable course. However, clinical out-
come of renal involvement can be noticea-
bly improved by early diagnosis®. The
pathogenesis of lupus nephritis remains an
active field of study. T regulatory cells (Tregs)

Tregs might also play a critical immunosup-
pressive function in SLE as well as in LN. Al-
tered wide variety of Foxp3-positive cellsin
SLE was proven, and expression of Foxp3 is
probably related to the activation of CD4+T
cells induced through disease activity(*+9).
Forkhead box protein P3 (Foxp3), isamem-
ber of the functionally diverse Fork-
head/winged helix own family of DNA bind-
ing transcription factors(), its expression
seems to be a greater sensitive parameter
that discriminates among activated
CD4*CD25"°" T effector cells and CD4*
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CD25"e" Treg cells. Research studies con-
firmed that some adaptive Treg cells lose
their CD25 expression in vivo but maintain
FoxP3 expression®), so it is a marker with
greater sensitivity for Treg identification(®
), Gold standard diagnosis for LN is kidney bi-
opsy. In addition of being an invasive tech-
nique, sampling bias during biopsy is a real
problem as kidney affection in LN is not uni-
formal. From this point of view, searching for
biomarkers that can be used as an immediate,
noninvasive indicator of kidney status and
hence a reflection of LN activity is ongoing(®.
Urinary expression of Foxp3 has recently been
detected in LN patients and has been sug-
gested to be a biomarker for assessing disease
activity, but unfortunately it is very expensive
and cannot be used as a routine checkup inves-
tigation, moreover the cellular origin of Foxp3
mRNA expression in the urine is still not con-
firmed and hence correlation between intra-re-
nal Foxp3 mRNA and urinary results is still un-
determined(®. From this point of view, we
quantified the peripheral blood mononu-
clear cells Foxp3 mRNA gene expression in
patients with LN and investigated whether
the expression is related to disease activity
and whether it can be used as a diagnostic
marker for LN.

Patients and Methods

A case-control study design was used to
investigate the levels of Foxp3 mRNA in
peripheral blood mononuclear cells
(PBMNCs) as a non-invasive biomarker for
assessing the activity of LN and SLE. This
study was performed at Clinical Pathology,
Nephrology, Rheumatology and Rehabili-
tation Departments of Suez Canal
University Hospital, Ismailia, Egypt.

Study Population:

Biopsy - proven lupus nephritis patients
diagnosed at LN Clinic in Suez Canal
University Hospital, Ismailia were included
in the study. The study included 2 groups of
patients: Group 1 (The Active Group):
Twenty-four active LN patients. All patients
were diagnosed according to the American

College of Rheumatology (ACR) diagnostic
criteria > and active LN was defined as the
systemic lupus erythematosus disease
activity index (SLEDAI) score 26. The renal
disease activity was assessed clinically by
the SLEDAI renal score which derives from
the total SLEDAI score. The overall SLEDAI
score ranges from 0 to 24 while SLEDAI
renal score ranges from 0 to 16. The SLEDAI
renal score consists of Hematuria,
Proteinuria, Pyuria and Urinary red cell
casts. Hematuria and pyuria defined as
more than 5 cells per high power field and
proteinuria was defined as a urine
protein/Creatinine ratio 0.3g /g creatinine.
The activity index of lupus nephritis in
kidney biopsies was defined by the sum of
semi quantitative scores of six lesions
including: Hypercellularity, Leukocyte infil-
tration, Sub endothelial hyaline deposits,
Interstitial inflammation, Necrosis and
Cellular crescents. Each lesion is scored o-
3 and the last two items are scored twice.
The maximum of activity index is 24 points.
Group 2 (The Inactive Group): Ten patients
with history of type Il or IV LN whose
disease became quiescent for at least 6
months after treatment. Group 3 (The
Control Group): Forty age and sex matched
healthy individuals were studied as
controls. Exclusion criteria: We excluded
patients with Life-threatening complica-
tions other than lupus nephritis (for
example, cerebral lupus, severe systemic
infection), other autoimmune disease and
pregnant patients. Data was collected
from LN patients using the followings: A)
Interview Questionnaire: Subjects were
interviewed using a questionnaire about
the following data: - Personal history:
name, age, sex, address, history of other
autoimmune diseases (for example,
rheumatoid  arthritis).  Clinical  data
including SLEDAI, proteinuria and serum
creatinine were recorded. B) Clinical
Examination: General examination include-
ing: general appearance, vital signs, head,
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neck, heart, chest, and abdominal
examination. C) Laboratory Investigations:
Sampling: Peripheral venous blood (2 ml)
was collected by venipuncture on EDTA
tube under sterile condition, with informed
consent from all study subjects. Total RNA
extraction and reverse transcription: Total
RNA was extracted from EDTA blood by
the usage of the RNeasy Mini package (QIA
amp minikit, Qiagen, US) using the following
steps: Lysis of erythrocytes, Lysis of
leukocytes, Selective binding of the
genomic DNA to a specific carrier and
separation of contaminating DNA on the
surface of the DNA binding mineral carrier
particles, transferring of the remaining
sample into the RNA binding RTA Spin
Filter, followed by the adjustment of the
binding conditions, binding of the total
RNA to the membrane, while proteins
remain in the filtrate, washing of the
membrane and elimination of contami-
nants and ethanol. Elution of highly pure
total RNA: After that c<¢DNA was
synthesized by incubating 1oul total RNA
(incorporate up to 1ug RNA) in a 20 l
reaction volume consists of RT Buffer, and
RT Primer mix. The whole response took
place at 42°C and is then inactivated at 95°C
the use of QuantiTectR opposite Transcrip-
tion kit (QIAGEN, United States). Foxp3 mRNA
expression: We accomplished real-time
PCR response to measure Foxp3 mRNA in
peripheral blood following the producer's
protocol. Real-time PCR was performed
using a commercial kit SYBR Green
QuantiTectR Primer Assay PCR master mix
(Qiagen, USA) using the Step One, Applied
Biosystem, Real Time Thermocycler
(Chicago, United States). The threshold
cycles (CT), at which an increase in
reporter fluorescence above the baseline
signal was first detected, were
determined. GAPDH was wused as

endogenous control and for normalization
(ACT) of the mRNA levels for the gene of
interest. The endogenous control was
subtracted from respective gene giving
the ACT as a reflection of the relative
MRNA expression. The calculations of
relative gene expression were done using
the AACT method. Because the amount of
product doubles in each cycle the relative
gene expression was calculated using the
formula 224¢T) given in the manufacturer's
instructions.

Statistical analysis

Statistical evaluation was done via SPSS
version 17 (SPSS, Chicago, IL, USA). all of
the outcomes are supplied as mean #S.D.
Annova test and Mann-Whitney U-test
were used to examine gene expression
stages between groups and clinical param-
eters. A p-value of <0.05 was considered
statistically significant.

Results

Table (1) shows the clinical and laboratory
characteristics of the active, inactive lupus
groups and healthy control groups. The ta-
ble shows mean serum creatinine, protein
in 24 hours’ urine collection and mean SLE
disease activity index. Table (2) and figure
1show the mean levels of Foxp3 among ac-
tive and inactive lupus group. Active lupus
group had statistically significant higher
levels of Foxp3 than inactive group (21.3
versus 3.6 respectively) (p <0.001). Table
(3) shows the correlations between levels
of Foxp3 and the studied variables. There
was a significant positive correlation be-
tween higher levels of Foxp3 and higher
mean serum creatinine level (figure 2)
(r=0.576, p=0.003), higher mean SLEDAI
values (r=0.934, p<0.0001, figure 3).
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Discussion

The goal of this study was to assess the lev-
els of Foxp3 mRNA in peripheral blood of
patients with lupus nephritis as a non-inva-
sive biomarker for assessing the activity of
LN. In the present study, we studied
PBMNCs mRNA expression of Foxp3 in pa-
tients with LN for the first time to our
knowledge. We found that Foxp3 mRNA

Amplification plot of GAPDH with baseline
threshold

was higher in patients with active lupus
compared to those with silent lupus and
PBMNCs Foxp3 mRNA significantly corre-
lated with SLEDAI and creatinine level. Our
results suggested that a higher Foxp3
mMRNA, indicating a higher activity of Tregs,
is related to more severe LN. However re-
cent studies showed that number of natu-
ral Tregs in patients with active SLE was de-
creased in comparison to patients with
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Table 1: Clinical and laboratory characteristics of the studied groups
. Active LN Inactive LN Control p value
Variables
(n=24) (n=10) Group (n=40)
Age (years) 35.416.4 39.7t7.9 32.4%6.1
Range 23-44 23-49 25-41 0.11
Gender (Male/ Female) 0/24 1/9 0/10 -
Creatinine mg/dI 1.7£0.45 0.9+0.6 - 0.67
Protein in urine (g/I) 2.5%2.0 0.7+0.4 *0.001
SLEDAI Mean +SD 9.8%3.7 1.2+ 0.8 *0.001

Data are presented as Mean #SD; LN= lupus nephritis; *p value S|gn|f1cant Difference between
Active and Inactive Groups (by Mann-Whitney U-test)

Table 2: level of Foxp3 mRNA expression in
patients with active and inactive lupus nephri-
tis
Variables Active LN | Inactive | p-value
(n=24) | LN (n=10)
FOXP3
Mean 21.3+13.2 3.6%1.3 | 0.002%*
SD
Range 8-53 2-6

LN= Lupus nephritis; **Highly significant p-
value <0.001.

Table 3: Correlations between levels of Foxp3
mRNA expression and the studied variables
Foxp3 mRNA
Correlation p-value
Coefficient
Age 0.060 0.780
Biopsy grade 0.153 0.476
Serum creatinine | 0.576 0.003**
Protein in urine 0.041 0.850
SLEDAI 0.934 <0.0001**

**Correlations are highly significant at p-value
<0.01

inactive lupus or normal subjects, and the
reduced percentage of circulating Tregs in-
versely correlated with lupus disease activ-
ity(®7). A higher mRNA expression of
Foxp3 in blood T cells was observed in pa-
tients with active SLE(®), Moreover, urinary
Foxp3 mRNA was found to be higher in pa-
tients with active lupus compared to those
with silent lupus and urinary Foxp3 mRNA
and significantly correlated with SLEDAI
and proteinuria™, This apparent contra-
diction can be due to the expression of

FOXP3 from CD4* T cells as well as natural
Tregs during activation in active SLE(192°)
although it is still debatable whether this
activation-induced Foxp3 mRNA indicates
a functional Treg capacity or not. Another
possibility is the activation of destructive
effector cells as well as protective Tregs
during the active stage of LN, which there-
fore results in activation-induced Foxp3
mRNAQRY, Moreover, recent mice and hu-
man studies have demonstrated that Treg
cells can be reprogrammed into a novel
population, IL-17+Foxp3+T cells, phenotyp-
ically and functionally resembling Th17 cells
under the complicated cytokine stimula-
tion which could be one of the explanation
for increased level of Foxp3 expression in
active LN®?), In summary, our result is in
line with the above observations. Taken to-
gether, presented evidences suggest that
the overall expression of Foxp3 is in-
creased in active LN, but the suppressive
function of CD4*CD25* Tregs may be defec-
tive. Our results were in agreement with
Abbass et al®3) who found increased Foxp3
expression in active SLE patients in com-
parison to inactive, Lee et al(® also found
increased Foxp3 gene expression in active
SLE disease while Yan et al % found no dif-
ference in Foxp3 expression at either the
mRNA or protein level in any CD4+, CD25+
T cell subset from SLE patients as com-
pared with controls. Alvarado Sanchez et
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al @ also reported a significant inverse cor-
relation between disease activity of SLE
and the suppressive function of Treg.
These discrepancies may arise from fair dif-
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Figure 1: mRNA Level of Foxp3 of the
studied patients with active and inactive
LN represented by 25t 50t" (median), 75t
percentiles, minimum, and maximum

ferences between isolation protocols,
flow-cytometry or RT-QPCR technicalities
resulting in strong difficulties in comparing
results from different studies. Although
we found a significant positive correlation
between higher levels of Foxp3 mRNA and
higher mean serum creatinine levels
(r=0.576, p < 0.003), higher mean SLEDAI
values (r=0.934, p <0.0001), and higher ac-
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Figure 2: Significant positive correlation between
level of Foxp3 and serum creatinine level

(r=0.576, p=0.003)

tivity (r=0.592, p <0.0001), we did not find
any correlation between Foxp3 gene ex-
pression and proteinuria. However, Bonelli
et al @ showed that the increase of
Foxp3+ T cells is linked to active nephritis
as well as a correlation between Foxp3+
cells and the extent of proteinuria further
support the idea of Foxp3+ cells as a
marker to recognize and monitor patients
with renal involvement. This discrepancy
could be explained that proteinuria may
not necessarily indicate ongoing inflamma-
tion in the kidneys and may be contributed
by pre-existing chronic lesions or recent
damage in the kidneys during the course of
the disease.

Conclusion

peripheral blood mRNA expression of
Foxp3 is markedly up-regulated in patients
with active LN and the level of Foxp3
mRNA significantly correlates with disease
activity. These preliminary results suggest
that urinary mRNA expression of Foxp3
might be used as a risk biomarker for as-
sessing disease activity However, future
studies are needed to define the role of
this marker.
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Figure 3: Significant positive correlation be-
tween level of Foxp3 and SLEDAI index value
(r=0.934, p <0.0001).
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