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Abstract

Aim: This study was aiming at evaluation of the importance and the change in the level of macrophage migration
inhibitory factor (MIF) in serum studied by ELISA and in peripheral blood mononuclear cell (PMBC) through the
expression of mRNA of MIF studied by reverse PCR and its correlation with disease activity index in patients with
systemic lupus erythematosus (SLE). Also, the relationship of MIF with the treatment by corticosteroids and renal
involvement was taken into consideration.

Material and methods: For this purpose, twenty lupus patients, regularly attending the Pediatric Allergy and
Immunology Clinic, Children Hospital, Ain Shams University and fulfilling the American Rheumatism Association
Revised Criteria for diagnosis of SLE, were studied in comparison to thirty-five healthy subjects as normal controls.
According to the presence or absence of clinical renal involvement, lupus patients were divided into two groups:
Group Ia: included 10 patients with clinical renal involvement and Group Ib: comprised 10 patients without clinical
renal involvement. Full history taking and clinical examination were done and the SLEDAI was assessed. Also, the
following laboratory investigations were performed ESR, routine microscopic urine analysis, 24 hours urine proteins,
serum ANA, C3, serum anti-DNA, serum creatinine, serum MIF by ELISA and MIF gene expression through the
mRNA in PBMC by rPCR.

Results: The results of the present study showed that the MIF in serum and in PBMC were significantly higher
among lupus patients as compared to normal controls. In addition, both were significantly higher among lupus
patients with clinically evident nephritis than those without. Serum MIF and MIF gene expression were both
significantly higher among lupus patients who suffered from symptoms suggestive of lupus nephritis as edema,
hematuria, hypertension and positive anti DNA levels than other patients who did not experience these symptoms. In
our study, different correlation analysis were done with serum MIF and MIF gene expression and proved to be
significantly positive with SLEDAI score, ESR, cumulative dose of steroids, serum creatinine, 24 hour urinary protein
and duration of illness in all lupus patients.

Conclusions: In conclusion, MIF both in the serum and MIF gene expression by reverse PCR in macrophages
were significantly higher in all lupus patients in comparison to healthy controls being significantly higher in those
lupus patients with clinically evident nephritis than those without. Also MIF had a significant positive correlation to
SLEDAI score and ESR indicating its correlation with disease activity.
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Number; NK Cell: Natural Killing Cell; NO: Nitric Oxide; NSAIDs:
Non-Steroidal Anti-Inflammatory Drugs; OD: Optical Density; P:
Plasma creatinine in mg/ml; PBMC: Peripheral Blood Mononuclear
Cell; RA: Rheumatoid Arthritis; RNA: Ribonucleic Acid; rPCR:
Reverse Polymerase Chain Reaction; S. creatinine: Serum creatinine; ±
SD: Standard Deviation; Serum MIF: Serum concentration of
macrophage migration inhibitory factor detected by ELISA; SLE:
Systemic Lupus Erythematosus; SLEDAI: Systemic Lupus
Erythematosus Disease Activity Index; T1: Thoracic 1; Th1: T helper 1;
Th2: T helper 2: Thin section; CT: Thin section Computerized
Tomography; TNF: Tumor Necrosis Factor; TNF-α: Tumor Necrosis
Factor Alpha; U: Urine creatinine in mg/ml; US: Ultrasound; V: Urine
volume in ml/min; VCAM-1: Vascular Cell Adhesion Molecule; WHO:
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Introduction
Systemic lupus erythematosus (SLE) is a prototype systemic

autoimmune disease characterized by autoantibody production.
Although the outcome for SLE patients has improved in recent years,
SLE continues to profoundly affect health status and the likelihood of
disability and premature death. How to ameliorate the reduced quality
of life and increase the survival rate in these patients remains a major
challenge for rheumatologists. Glucocorticoid (GC) therapy plays an
important role in the treatment of SLE, but irreversible side effects
limit its use at high doses or over the long term while some patients
with highly active SLE do not respond to GC therapy. There is thus a
need to investigate the underlying mechanisms behind steroid
resistance. Macrophage migration inhibitory factor (MIF) arouses our
interest because of its unique relationship with GCs [1].

Although initially described as a product of activated T cells [2],
MIF is now known to be produced by a variety of cell types,
predominantly by macrophages [3]. Increasing evidence indicates that
MIF is a broad-spectrum proinflammatory cytokine that can increase
the expression of a number of inflammatory molecules, including
TNFα, IL-6, IL-1β, IL-2, IL-8, and IFNγ [4]. In contrast to other
proinflammatory cytokines that are generally suppressed by GCs, MIF
expression and secretion are induced by low physiological
concentrations of GCs [4]. Evidence of upregulation of MIF by
endogenous GC has been reported in rat adjuvant-induced arthritis
[5]. Regulation of serum MIF by exogenous GC in humans has also
been demonstrated in patients with SLE, where it has been observed
that serum MIF was influenced by the GC dose even after adjusting for
disease activity variables [6]. Despite being induced by GC, MIF
exhibits GC-antagonistic effects in vitro and in vivo. In murine
antigen-induced arthritis, GC inhibition of histological severity of
disease is reversed by exogenous MIF [7]. Consistent with this finding,
Leech and colleagues reported that increased joint inflammation and
lethality can be overridden by the neutralization of MIF in the absence
of GC in rat adjuvant-induced arthritis [8]. The reciprocal relationship
between MIF and GCs in the control of the inflammatory response was
also reported in human subjects [9,10]. Several studies to date have
revealed that deficiency of MIF, either through genetic deletion or by
the anti-sense oligonucleotide, leads to a left-shift in the dose response
to GC of macrophage TNF production, which represents the fact that
MIF does indeed directly regulate GC sensitivity [5,11].

The mechanism by which MIF counter-regulates the anti-
inflammatory actions of GC has not been fully elucidated. However,
there are several pathways through which MIF and GCs may interact
with each other. One such pathway involves the activation of the

transcriptional factor NF-κB. In its inactive state, NF-κB is sequestered
in the cytoplasm by the inhibitory protein IκB, and the
phosphorylation of the latter results in its ubiquination and
degradation by the proteasome, unmasking a nuclear localization
signal on NF-κB. In the nucleus, NF-κB binds to DNA sequences called
NF-κB elements and is responsible for the transcription of cytokines,
chemokines and cell adhesion molecules [12]. The IκB protein binds to
activated NF-κB in the cell nucleus, causing dissociation of the latter
from the IκB binding sites of the target genes and its subsequent
relocation in the cytoplasm [13,14]. GCs prevent NF-κB activation by
increasing the expression of IκBα [15,16], which keeps the NF-κB/IκB
complex in cytosol and thus prevents the synthesis of inflammatory
mediators.

Some studies have shown that MIF plays an important role in the
pathogenesis of SLE particularly in lupus nephritis and suggest that
MIF blockade may be promising as a new strategy for the treatment of
SLE. Also detection of MIF levels may be a useful parameter for
monitoring disease activity in patients with SLE [17].

The aim of this work is` to investigate the changes in macrophage
migration inhibitory factor mRNA expression in peripheral blood
mononuclear cells in relation to disease activity and renal affection in
patients with systemic lupus erythematosus.

Subjects and Methods
This study was conducted on twenty patients with SLE, regularly

attending the Pediatric Allergy and Immunology Clinic, Children's
Hospital, Ain Shams University. All patients were fulfilling the
American Rheumatism Association Revised Criteria for diagnosis of
SLE [18].They were 16 females and 4 males. Their ages ranged between
10 and 18 years (mean ± SD=15.45 ± 2.50 years, interquartile range:
=13.75-18 years). Patients were studied in comparison to 35 healthy
children.

Lupus patients were categorized into two groups according to the
renal involvement as follows:

Group Ia (patients with clinical renal involvement)
It included 10 patients (6 females and 4 males). Their ages ranged

between 11 and 18 years (mean ± SD=15.30 ± 2.21 years, interquartile
range=14.25-16.75 years). These patients had renal involvement in the
form of persistent proteinuria (more than 0.5 gm/day or more than 3+
by dipstick test) and/or cellular casts in urine (red blood cell,
haemoglobin, granular, tubular or mixed) [19].

Group Ib (patients without clinical renal involvement)
It included 10 female patients. Their ages ranged between 10 and 18

years (mean ± SD=15.60 ± 2.88 years, interquartile range=13.5-18
years). These girls had no clinical evidence of renal involvement based
on normal results of urine analysis, normal serum creatinine and
normal creatinine clearance.

Control group (group II)
Results of the previous two groups were compared with 35 age and

sex matched control children.

It comprised (23 females and 12 males) age and sex matched
apparently healthy subjects with no history of renal problems and with
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normal results of urine analysis. Their ages ranged between 10 and 18
years (mean ± SD=15.77 ± 2.07 years, interquartile range=15-17 years).

Methods

Subjects in this study underwent the following:
1. Full history taking laying stress on the age, duration of the

disease, urinary symptoms, SLE manifestations (e.g. joint pains,
rash, cutaneous photosensitivity, Raynaud's phenomenon, CNS
symptoms including seizures), symptoms of hypertension as
vomiting, headache, blurred vision and the type of therapy
received by the patient.

2. Thorough clinical examination was performed to each subject
including: anthropometric measures weight, height and surface
area by using Normogram for estimation of surface area, blood
pressure measurement, skin rash distribution, joint affection,
chest and heart examination, abdominal examination for
hepatospleenomegaly and CNS examination especially the level
of consciousness, motor and sensory systems.

3. All systems included in the SLEDAI data collection sheet [20]
were assessed clinically to calculate the total SLE activity score.

Figure 1: Electrophoretic separation of PCR product on 2% agarose
gel. Lane 1 is for the DNA molecular weight marker lane. Lane 2 is
positive control. Lane 7-8 are the negative control. Lane 3, 4, 5, 6 we
considered positive samples.

RNA extraction
RNA extraction and the mononuclear cells pellet was separated and

resuspended then used for RNA extraction. This was carried out using
Purescript Total RNA Isolation Kit which was supplied by Gentra, Cat.
No. 5500A, USA.

The yield of extracted RNA was determined spectro-
photometrically at 260 nm where 1 absorbance unit (A260) equals 40
μg of single standard RNA/ml.

Quantification of macrophage migration inhibitory factor
(MIF) mRNA (Figure 1)

A. Amplification step (RT-PCR): It includes,

1. Complementary DNA (cDNA) synthesis.

2. Amplification of MIF cDNA by nested PCR using the following
primer [21]

Primers include:

• MIF: for nested PCR reaction according to Matsui et al. [20]
supplied by Gulf Tech SA.

• The outer P1, P2:

P15′-CTC TCC GAG CTC ACC CAG CAG-3′ forward (58/78)

P25′-CGC GTT CAT GTC GTA AGT TCA-3′ reverse (292/312)

• The inner primers P3, P4:

P35′-CGT TCT GGC GGC ACC ACC AT-3′ forward (936/935)

P45′-CGA ACT AAG TCC ATA AGT CCG-3′ reverse (1170/1189)

1. Amplification of β-globulin as an external control.

B. Detection of PCR product by gel electrophoresis (according to
Sambrook et al. [22]):

Interpretation of results:

The gel was examined under ultraviolet light. Photographs were
taken using Polaroid camera:

1. Marker gave different bands.
2. The negative control was examined to exclude any source of

contamination.

C. Quantification of MIF mRNA by gel documentation system:

The quantitation step was done using Gel documentation system
(Gel Pro-Analzyer Version 3.1) Software Media Cybermetica USA (a
software system used for end point quantitation of nucleic acid
samples).

The photographed gel was analyzed using the gel document system
(Gel Pro Version 0.3) to get the maximum optical density of the bands
of the PCR products. A plot was constructed for the input copy
number of the standards in relation to the optical density (OD) of the
product bands. Using the constructed curve, the input copy number of
the sample was anticipated from the OD of its product.

Statistical methods
Data were analyzed using statistical software SPSS for windows,

quantitative variables were presented as mean ± standard deviation (M
± SD) Spearman’s correlation test was used for correlation within the
studied groups, comparison of mean values of various variables
between studied groups was done using student t-test for normally
distributed values and Mann-Whitney u-test for non-parametric data,
for all tests used a p-value <0.05 was considered significant.

Results
The results of data analysis are presented in Tables 1-5.

Table 1 shows the basic clinical and laboratory results of patients
with SLE (16 females and 4 males). Their ages ranged between 10 and
18 years (mean ± SD=15.45 ± 2.50 years), median (IQR)=15.5 (4.25)
years. Duration of the disease ranged between 1 and 10 years (mean ±
SD=3.95 ± 2.42 years), median (IQR)=3.5 (3) years. Their SLEDAI
scores ranged between 12 and 60 (mean ± SD=36.20 ± 17.96), median
(IQR)=33 (34.5). All the SLE patients were seropositive for ANA.
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Patients with clinical renal involvement (group Ia) their serum C3
levels ranged between 29-134 and (mean ± SD=70.00 ± 37.55), median
(IQR)=57 (59.5). While patients without clinical renal involvement
(group IIb) had serum C3 levels ranging between 45 and 107 (mean ±
SD=75.00 ± 19.94), median (IQR)=72 (25.5).

Also, patients with clinical renal involvement (group Ia) had serum
MIF levels ranging between 19.9-24.8 ng/ml and (mean ± SD=22.67 ±
1.64 ng/ml), median (IQR)=22.6 (2.05) ng/ml. While in patients
without clinical renal involvement (group IIb), serum MIF levels
ranged between 11.3 and 13.6 ng/ml (mean ± SD=12.25 ± 0.70 ng/ml),
median (IQR)=12.15 (0.625) ng/ml.

Among patients with clinical renal involvement, MIF gene
expression levels ranged between 0.20 and 0.27 ng/ml (mean ±
SD=0.24 ± 0.02 ng/ml), median (IQR =0.24 (0.039) ng/ml. While
patients without clinical renal involvement the MIF gene expression

levels ranged between 0.12 and 0.17 ng/ml (mean ± SD=0.15 ± 0.02
ng/ml), median (IQR)=0.15 (0.03) ng/ml.

Serum MIF and MIF G expression levels in relation to the
presence or absence of some indicators of lupus nephritis
(hematuria, edema, hypertension and anti-DNA) (Tables 1-5)

Serum level of macrophage migration inhibitory factor by ELISA
was found to have significantly higher values in patients with either
(hematuria, edema, hypertension and anti DNA +ve) than those
patients without any of these symptoms.

Macrophage migration inhibitory factor gene expression was found
to have significantly higher values in patients with either (hematuria,
edema, hypertension and anti DNA +ve) than those patients without
any of these symptoms.

Age (in years)

Range 10-18

Mean ± SD 15.46 ± 2.50

Median (interquartile range) 15.5 (4.25)

Sex

Male 4

Female 16

Duration of the disease (in years)

Range 01-10

Mean ± SD 3.95 ± 2.42

Median (interquartile range) 3.5 (2)

SLE-DAI

Range 12-60

Mean ± SD 36.20 ± 17.96

Median (interquartile range) 33 (34.5)

ANA

Positive 20

Negative 0

Serum C3

Patients with clinical renal involvement

Range 29-134

Mean ± SD 70.00 ± 37.55

Median (IQR) 57 (59.5)

Patients without clinical renal involvement

Range 45-107

mean ± SD 75.00 ± 19.94

Citation: Reda SM, El-Sayed SS, El-Sayed SB, Felix SA (2018) The Expression of Migration Inhibitory Factor mRNA in Peripheral Blood of
Children with Systemic Lupus Erythematosus. Pediatr Ther 8: 342. doi:10.4172/2161-0665.1000342

Page 4 of 11

Pediatr Ther, an open access journal
ISSN: 2161-0665

Volume 8 • Issue 1 • 1000342



Median (IQR) 72 (25.5)

Serum MIF ng/ml

Patients with clinical renal involvement

Range ng/ml 19.9-24.8

Mean ± SD 22.67 ± 1.46

Median (IQR) 22.6 (2.05)

Patients without clinical involvement

Range ng/ml 11.3-13.6

Mean ± SD 12.25 ± 0.70

Median (IQR) 12.15 (0.63)

MIF gene expression

Patients with clinical renal involvement

Range 0.20-0.27

Mean ± SD 0.24 ± 0.02

Median (IQR) 0.24 (0.04)

Patients without clinical renal involvement

Range 0.12-0.17

Mean ± SD 0.15 ± 0.02

Median (IQR) 0.15 (0.03)

(IQR)=Interquartile range

Table 1: Basic clinical and laboratory data of patients with SLE.

Lupus patients with hematuria Lupus patients without hematuria ZP

Serum Mean ± SD 20.52 ± 4.64 14.40 ± 4.57 2.96

MIF (ng/ml) Median (IQ) 22.1 (3.8) 12.5 (1.38) 0.0083

MIF G expression

(ng/ml)

Mean ± SD 0.22 ± 0.05 0.17 ± 0.04 2.52

Median (IQ) 0.22 (0.05) 1.56 (0.03) 0.0212

Table 2: Serum MIF and MIF G expression levels in relation to the presence or absence of hematuria.

Lupus patients with edema Lupus patients without edema ZP

Serum MIF

(ng/ml)

Mean ± SD 22.43 ± 1.54 13.39 ± 3.84 7.13

Median (IQ) 22.5 (1.4) 12.2 (1) <0.0001

MIF G expression

(ng/ml)

Mean ± SD 0.23 ± 0.02 0.16 ± 0.04 5.44

Median (IQ) 0.23 (0.03) 0.15 (0.03) <0.0001

Table 3: Serum MIF and MIF G expression levels in relation to the presence or absence of edema.
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Lupus patients with hypertension Lupus patients without hypertension ZP

Serum MIF

(ng/ml)

Mean ± SD 21.58 ± 3.18 13.34 ± 3.96 5.13

Median (IQ) 22.4 (2.3) 12.15 (0.63) <0.0001

MIF G expression

(ng/ml)

Mean ± SD 0.23 ± 0.03 0.15 ± 0.04 5.03

Median (IQ) 0.23 (0.04) 0.15 (0.03) <0.0001

Table 4: Serum MIF and MIF G expression levels in relation to the presence or absence of hypertension.

Lupus patients with anti-DNA +ve Lupus patients with anti-DNA -ve ZP

Serum MIF

(ng/ml)

Mean ± SD 19.96 ± 4.68 13.71 ± 4.52 2.96

Median (IQ) 22.1 (4.53) 12.25 (0.93) 0.0083

MIF G expression

(ng/ml)

Mean ± SD 0.22 ± 0.04 0.16 ± 0.05 2.92

Median (IQ) 0.22 (0.05) 0.15 (0.04) 0.00091

IQR=interquartile range, P>0.05=non-significant, P<0.05=significant

Macrophage migration inhibitory factor by ELISA=serum MIF

Table 5: Serum MIF and MIF G expression levels in relation to the presence or absence of anti-DNA.

Correlation analysis
Serum MIF level and gene expression had positive significant

correlation with values of SLEDAI (Figure 2), duration of illness by

years of SLE patients (Figure 3), values of cumulative dose of steroids
(Figure 4), ESR recorded values (Figure 5), serum creatinine levels
(Figure 6) and recorded values of 24 hour urinary proteins (Figure 7).

Figure 2: Correlation between the (serum MIF and MIF G expression) and SLEDAI among all lupus patients.
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Figure 3: Correlation between the (serum MIF and MIF G expression) and duration of illness among all lupus patients.

Figure 4: Correlation between the (serum MIF and MIF G expression) and cumulative dose of steroid among all lupus patients.
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Figure 5: Correlation between the (serum MIF and MIF G expression) and ESR among all lupus patients.

Figure 6: Correlation between the (serum MIF and MIF G expression) and serum creatinine among all lupus patients.
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Figure 7: Correlation between the (serum MIF and MIF G expression) and 24 hours urinary proteins among all lupus patients.

Discussion
The aim of this work was to investigate the changes in macrophage

migration inhibitory factor mRNA expression in peripheral blood
mononuclear cells in relation to disease activity and renal affection in
patients with systemic lupus erythematosus.

For this purpose twenty lupus patients, regularly attending the
Pediatric Allergy and Immunology Clinic, Children Hospital, Ain
Shams University and fulfilling the American Rheumatism Association
Revised Criteria for diagnosis of SLE, were studied in comparison to
thirty-five healthy subjects as normal controls.

In our study, both serum MIF and MIF gene expression by reverse
PCR on macrophages were higher in lupus patients with a mean of
serum MIF 22.67 ± 1.46 ng/ml and a mean of MIF gene expression of
0.24 ± 0.02 ng/ml in comparison to the means in healthy controls of
1.71 ± 2.7 ng/ml and 0.0021 ± 0.00015 ng/ml respectively. In a similar
way, MIF in serum and by gene expression were higher in lupus
patients with clinically evident lupus nephritis in comparison to those
lupus patients without clinically evident nephritis with means of 22.67
± 1.6 ng/ml and 0.23 ± 0.22 ng/ml in comparison to 12.25 ± 0.7 ng/ml
and 0.14 ± 0.018 ng/ml respectively. The levels of both serum MIF and
MIF gene expression were higher in both patients with and without
clinically evident nephritis in comparison to healthy controls.

Our results can be explained by the fact that immunoregulatory
abnormalities observed in SLE include hyperresponsive B cells and
abnormal antibody production as well as abnormal T cell responses.
MIF has been identified as a mediator of activation of B and T cells as
well as of synovial cells, endothelium and glomerular cells. In addition,
MIF is expressed in inflammatory lesions in organs targeted by SLE
including joints, kidney, bowel, skin and brain. The fact that MIF was
higher in lupus patients suffering from clinical lupus nephritis than
those who did not can be due to the fact that local production of this

inflammatory molecule plays an important role in mediating
progressive renal injury in human glomerulonephritis.

In agreement with our study, [17] who reported that MIF mRNA
expression in peripheral blood mono nuclear cells (PBMC) and serum
MIF concentration was significantly higher in patients with SLE and
that serum MIF may be a useful parameter for monitoring disease
activity in patients with SLE.

Also agreement with Foote et al. [6] results, they found that MIF
was over expressed in patients with SLE and suggested an evidence of
an association between MIF and lupus related disease damage.

On the other hand, Hoi et al. [23] indicated that MIF by virtue of its
pluripotent functions, may be a critical mediator of inflammation and
damage in SLE. It may be instrumental in the maintenance of immune
dysregulation from perpetuation of immune activation, promoting
leucocyte recruitment and cellular inflammation, to maintenance of
macrophage effector function in target tissues. Hui et al. [24] found
that renal MIF expression is markedly up regulated in severe
proliferative forms of human glomerulonephritis and that renal MIF
expression gave a highly significant correlation with macrophage and T
cell infiltration, histologic damage and renal function suggesting that
MIF may be an important mediator of renal injury. Brown et al. [25]
indicated that MIF expression is up regulated in lupus nephritis and
correlates with the degree of renal dysfunction, histologic damage and
leucocyte infiltration.

Interestingly, Leung et al. [26], Matsumoto and Kanmatsuse [27]
found that MIF gene expression in cultured human mesangial cells is
increased in patients with IgA nephropathy which may play a major
pathogenic role in disease activity.

In this study, we showed that serum MIF and MIF gene expression
were significantly higher in our group of patients who suffered from
either hematuria, edema, hypertension or positive anti-DNA values
than other patient who did not experience the previous symptoms.
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This finding can be simply explained by the hypothesis that these
symptoms are usually associated with evidence of lupus nephritis in
which it is more likely for MIF to be elevated since its expression is up
regulated in renal affection by lupus. Also, In our study, both serum
MIF and MIF gene expression had a positive significant correlation to
the values of cumulative steroids dose a finding which can be explained
by the fact that the synthesis and release of MIF is increased by
corticosteroids in vitro and in vivo. Moreover, MIF has the ability to
override and antagonize the anti-inflammatory effects of
corticosteroids.

In agreement with our study, Foote et al. [6] found a significant
positive correlation between MIF and steroids dose, particularly at
higher doses and that this association remained significant even when
the possible confounding effects of variables such as disease damage
and serum creatinine were controlled. Also, Morand and Leech [28]
indicated that MIF acts as a physiological counter-regulator of
endogenous corticosteroids and that in a patient receiving therapeutic
corticosteroids, the persistence and induction of MIF would serve to
antagonize the therapeutic effects of corticosteroids on inflammation.

Moreover, Fingerle-Rowson et al. [29] strongly supported the
hypothesis of MIF as being a glucocorticoid antagonist during stress
induced lymphocyte redistribution and suggested the potential utility
of inhibiting MIF so as to enhance the anti-inflammatory properties of
glucocorticoid while sparing their dose limiting side effects.

In our study, a positive significant correlation was found between
serum creatinine and both serum MIF and MIF gene expression, a
finding which can be explained by the fact that factors influencing
renal function may contribute to serum MIF indicating the
overexpression of MIF in active glomerulonephritis. This finding is
also supported by Brown et al. [25].

In agreement with our study, Lan et al. [24] found that glomerular
and tubular MIF expression gave a highly significant correlation with
the loss of renal function and suggested that MIF causes renal injury in
human glomerulonephritis by inducing macrophage and T cell
accumulation and the subsequent activation of these cells leading to
immune cell mediated tissue damage.

In contrary to our results, Foote et al. [6] found an inverse
relationship between serum creatinine and MIF and suggested that the
kidney may be a significant source of MIF in humans.

Statistical analysis in our results indicated a positive significant
correlation between serum MIF and MIF gene expression with both
SLEDAI score and ESR in all lupus patients suggesting that MIF is
associated with disease severity in SLE.

On the other hand, Foote et al. [6] failed to find a relationship
between concurrent serum MIF and disease activity score and
explained his finding by the fact that his study group included a mostly
abundant community based population with very low disease activity
scores which limited the potential of finding this association.

In our study, there was a significant positive correlation between
serum MIF and MIF gene expression with 24 hours urinary protein
excretion in all lupus patients. This finding can be simply explained by
the fact that proteinuria is a picture of lupus nephritis in which MIF
expression is expected to increase secondary to organ damage and
tissue cellular infiltration.

In agreement with our study, Matsumoto and Kanmatsuse [27]
found positive correlation between urinary protein excretion and

urinary MIF. They suggested that such correlation could be due to the
lower molecular weight of MIF as compared to albumin and hence its
ability to pass through pores in glomerular basement membrane.

Finally, our results showed a positive significant correlation between
serum MIF and MIF gene expression with the duration of illness in all
lupus patients. Such finding could be due to the role of MIF in lupus
disease and its correlation to multiple organ damage in lupus which is
expected to be aggravated by time and disease duration.

Conclusion
MIF both in the serum and MIF gene expression by reverse PCR in

macrophages were significantly higher in all lupus patients in
comparison to healthy controls being significantly higher in those
lupus patients with clinically evident nephritis than those without.
Also MIF had a significant positive correlation to SLEDAI score and
ESR indicating its correlation with disease activity.
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