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ABSTRACT

Objectives: This study aims to assess the role of transforming growth factor-beta 1 (TGF-β1) in systemic lupus erythematosus (SLE).
Patients and methods: The study included 40 female SLE patients (mean age 25.5±6.2 years; range 15 to 39 years) diagnosed according to the
American College of Rheumatology criteria and 30 female healthy controls (mean age 26.2±5.9 years; range 16 to 39 years). Disease activity was
assessed using SLE Disease Activity Index. Patients were diagnosed with lupus nephritis if they met the criteria for renal disorder. SLE patients and
controls were compared in terms of TGF-β1, low and high density lipoprotein, and triglyceride levels.
Results: Mean serum TGF-β1 level of patients with SLE was 1385.7±483.1 pg/mL, with a significant difference compared to control group
(2079.6±125.4 pg/mL; p<0.001). TGF-β1 was statistically significantly correlated with SLE disease duration. However, there was no statistically
significant correlation between TGF-β1 and erythrocyte sedimentation rate, C-reactive protein, 24-hour urinary protein, complement 3, serum
cholesterol, low density lipoprotein, or serum triglyceride. TGF-β1 was statistically significantly correlated with discoid rash. There was a statistically
significant correlation between SLE Disease Activity Index and serum cholesterol, and triglyceride.
Conclusion: Systemic lupus erythematosus patients had lower levels of TGF-β1, without any significant correlation with SLE Disease Activity Index
or lipid profile. TGF-β1 had a significant correlation with discoid lupus.
Keywords: Discoid lupus; systemic lupus erythematosus; transforming growth factor-beta 1.

Systemic lupus erythematosus (SLE) is a
generalized autoimmune disorder characterized
by T and B cell hyperactivity with autoantibodies
against numerous cell components and
deposition of immune complexes. The disease
has a multifactorial pathogenesis with genetic,
hormonal and environmental components.1
Regulatory T cells play an important role in the
maintenance of immune tolerance to self and
in the pathogenesis of autoimmune disease.
Transforming growth factor-beta 1 (TGF-b1) is
a regulatory cytokine with pleiotropic properties
in immune responses.2 TGF-b1 is the most
potent naturally occurring immunosuppressant.

TGF-b1, which belongs to the TGF-b family of
proteins, is secreted by a variety of cell types with
unique and potent immunomodulatory properties
in the maintenance of normal immunological
homeostasis.3 TGF-b1 displays multiple functions
which, depending on the responding cell type
and the state of differentiation, are sometimes
opposing.4 Preliminary human studies suggest that
TGF-b1 expression in SLE may be dysregulated.
Production of TGF-b1 by lymphocytes isolated
from SLE patients is reduced compared with that
in control individuals.5 And this may contribute
to the characteristic T cell dysregulation and
aberrant B cell stimulation in SLE patients.6
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Table 1. Clinical presentation of systemic lupus
erythematosus
Patients (n=40)
n

Controls (n=30)

%

n

%

Sex				
Female
40 100.0
30
100.0
Arthritis
20
50.0
Mucocutaneous
Malar rash
29
72.5
Discoid rash
6
15.0
Photosensitivity
36
90.0
Oral ulcer
3
7.5
Cutaneous vasculitis
4
10.0

Therefore, in this study, we aimed to assess the
role of TGF-b1 in SLE.

PATIENTS AND METHODS
The study was conducted between May 2015
and December 2016 and included 40 female
Egyptian SLE patients (mean age 25.5±6.2 years;
range 15 to 39 years) diagnosed according to
the American College of Rheumatology criteria7
from Internal Medicine and Rheumatology &
Rehabilitation Outpatient Clinics. Thirty female
age-matched healthy controls (mean age 26.2±5.9
years; range 16 to 39 years) from a similar ethnic

background were also included. Clinical activity
was assessed at the time of venipuncture using the
Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI). The study protocol was approved
by the Faculty of Medicine, Cairo University
Ethics Committee. The study was conducted in
accordance with the principles of the Declaration
of Helsinki.
All patients were subjected to full clinical
history and thorough examination, laboratory
investigations in the form of complete blood
count, erythrocyte sedimentation rate, C-reactive
protein, complement 3 (C3), C4, serum creatinine,
anti-double stranded deoxyribonucleic acid
antibody, serum cholesterol, serum triglyceride, low
density lipoprotein (LDL) cholesterol, high density
lipoprotein cholesterol, urine analysis, 24-hour
urinary protein, serum TGF-b1 (quantitation of
tumor necrosis factor-beta 1 [TGF-b1] in serum
was performed by using TGF-b enzyme-linked
immunosorbent assay kits provided by AviBion,
Helsinki, Finland). Immediately after blood
sampling, serum was obtained by centrifugation
at 800 g at 4°C for 15 minutes and stored at
70°C. The minimum detectable dose of TGF-b1
is 1.7 pg/mL. This was determined by adding
two standard deviations (SDs) to the mean optical
density obtained when the zero standard was
assayed 20 times.

Table 2. Clinical and laboratory data of systemic lupus erythematosus patients and controls
Patients

Age (year)
Systemic Lupus Erythematosus Disease Activity Index
Disease duration (month)
Hemoglobin (%)
Total leucocytic count
Lymphocyte
Neutrophil
Platelet
Creatinine (mg/dL)
Urea (mg/dL)
Erythrocyte sedimentation rate
C-reactive protein (mg/dL)
Complement 3
Complement 4
24-h urinary protein
Total cholesterol (mg/dL)
Low density lipoprotein (mg/dL)
High density lipoprotein (mg/dL)
Triglyceride (mg/dL)
Transforming growth factor beta level
SD: Standard deviation; Min: Minimum; Max: Maximum.

Controls

Mean±SD

Min-Max

Mean±SD

Min-Max

25.5±6.2
14.1±9.3
3.0±3.2
10.3±1.6
7.5±3.5
25.6±16.4
68.5±17.4
243.7±93.3
0.8±0.5
33.1±22.9
50.9±34.6
6.5±15.8
95.9±48.5
15.9±9.5
1.2±1.4
214.0±71.8
113.5±43.1
52.7±14.2
135.8±85.0
1385.7±483.1

15-39
2-28
0.3-12
7.2-14.3
2.9-18
4-85
9.4-93
45-442
0.4-3
8-114
6-140
1-96
11-193
2-48
0.03-5
102-352
46-182
26-85
32-396
450-2110

26.2±5.9

16-39

169.7±18.3
92.5±17.0
54.9±14.1
77.3±33.5
2079.6±125.4

133-200
59-116
35-97
32-138
1825-2447
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or (ii) cellular casts including red blood cell,
granular, renal tubular epithelial cell or mixed
cellular casts.8 Patients with malignancy or other
autoimmune diseases were excluded.

Table 3. Correlation between clinical data in patients
with arthritis, mucocutaneous and transforming growth
factor beta 1
TGF-b1 level
Mean±SD

Statistical analysis

p

Arthritis		
Data were coded and entered using the
Yes
1261.3±433.2
0.1
IBM SPSS Statistics version 21.0 program
No
1510.1±508.8
NS
Malar rash		
(IBM Corp., Armonk, NY, USA). Data were
Yes
1410.5±475.3
0.6
summarized using descriptive statistics: mean,
No
1320.2±520.9
NS
Discoid rash		
standard deviation, minimal and maximum
Yes
1051.5±31.4
<0.001
values for quantitative variables and number
No
1444.7±501.8
HS
Photosensitivity		 and percentage for qualitative values. Statistical
Yes
1361.4±481.3
0.3
differences between groups were tested using
No
1603.8±510.9
NS
independent sample t-test for quantitative
Oral Ulcer		
Yes
1270.7±471.2
0.7
variables. Pearson and Spearman correlation
No
1395.0±489.2
NS
coefficients were calculated to test the
Cutaneous vasculitis		
association between quantitative and ordinal
Yes
1536.0±486.6
0.5
No
1369.0±486.8
NS
variables, respectively. P values of >0.05 were
Active lupus nephritis		
considered as insignificant, <0.05 as significant,
Yes
1374.6±458.4
0.9
No
1398.0±521.5
NS
and <0.01 as highly significant.
TGF-b1: Transforming growth factor beta 1; SD: Standard deviation;
NS: Non-significant; HS: Highly significant.

RESULTS
Of the 40 SLE patients, 20 (50%) presented
with arthritis and 29 (72%) with malar rash. Six
patients (15%) had discoid rash and 36 (90%)
had photosensitivity. Three patients (7.5%) had

Patients were diagnosed with lupus nephritis if
they met the following criteria for renal disorder:
(i) persistent proteinuria of 0.5 gm/24 hour
(or more than +3 dipstick reactions for albumin),

Table 4. Comparison between dyslipidemic and non-dyslipidemic systemic lupus
erythematosus patients

Age (year)
Disease duration
SLEDAI
TGF-b1 (pg/mL)

Group 1 (n=25)
Dyslipidemic SLE

Group 2 (n=15)
Non-dyslipidemic SLE

Mean±SD

Mean±SD

p

23.8±5.5
2.5±3.1
16.5±8.9
1380.2±442.5

28.2±6.6
3.8±3.2
10.0±8.8
1394.8±560.7

0.03*
0.2†
0.03*
0.9†

SLE: Systemic lupus erythematosus; SD: Standard deviation; SLEDAI: Systemic lupus erythematosus; * Significant;
† Non-significant; TGF-b1: Transforming growth factor-beta 1.

Table 5. Laboratory correlation between patients and controls

Total cholesterol
Low density lipoprotein
High density lipoprotein
Triglycerides
Transforming growth factor beta 1 level

Patients (n=40)

Controls (n=30)

Mean±SD

Mean±SD

p

214.0±71.8
113.5±43.1
52.7±14.2
135.8±85.0
1385.7±483.1

169.7±18.3
92.5±17.0
54.9±14.1
77.3±33.5
2079.6±125.4

0.001*
0.01†
0.5‡
<0.001*
<0.001*

* Highly significant (p<0.01); ‡ Non-significant (p>0.05); † Significant (p<0.05).
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Table 6. Correlation between disease duration,
Systemic Lupus Erythematosus Disease Activity Index,
laboratory findings and serum transforming growth
factor beta 1 level
TGF-b1 level
Disease duration
Spearman correlation coefficient
p
Erythrocyte sedimentation rate
r
p
C-reactive protein
r
p
24-h urinary protein
r
p
Complement 3
r
p
Complement 4
r
p
Total cholesterol
r
p
Low density lipoprotein
r
p
High density lipoprotein
r
p
Triglyceride
r
p
SLEDAI
r
p
Platelet
r
p
Hemoglobin
r
p
Total leucocytic count
r
p
Lymphocyte
r
p
Neutrophil
r
p

0.324
0.04
0.056
0.7
-0.045
0.8
-0.11
0.5
0.146
0.4
0.051
0.8
0.007
0.9
-0.03
0.9
0.096
0.6
-0.165
0.3
-0.056
0.7
0.239
0.1
0.074
0.7
0.06
0.7
-0.075
0.6
0.061
0.7

TGF-b1: Transforming growth factor beta 1; SLEDAI: Systemic Lupus
Erythematosus Disease Activity Index; r: Pearson correlation coefficient.

oral ulcers while four (10%) had cutaneous
vasculitis (Table 1). Disease duration ranged from
3 to 12 months with a mean of 3±3.2 (Table 2).
SLEAI ranged from 22 to 28 with a mean of
14.1±9.3. Of the SLE patients, 21 (52.5%) had
active lupus nephritis (Table 3) while 25 (62.5%)
were dyslipidemic (Table 4).

Table 7. Correlation of transforming growth factor beta
and lipid profile in controls
TGF-b1 level
Total cholesterol
r
p
Low density lipoprotein
r
p
High density lipoprotein
r
p
Triglyceride
r
p

0.045
0.812
0.055
0.771
0.004
0.984
-0.107
0.573

TGF-b1: Transforming growth factor beta 1; r: Pearson correlation coefficient.

All SLE patients were on hydroxychloroquine
at a dose of 5 mg/kg. Of the patients, 20% were
on low dose steroid, 15% were on moderate
dose of steroids, 48% were on maintenance
therapy of azathioprine 2.5 mg/kg, 30%
were on cyclophosphamide induction therapy
(500 mg every two weeks), and 22% were on
mycophenolate mofetil 2 gm/day.
Mean serum TGF-b1 level of SLE patients
was 1385.7±483.1 pg/mL with a significant
difference compared with the control group
(2079.6±125.4 pg/mL; p<0.001). There was a
statistically significant difference in total serum
cholesterol, LDL, and serum triglyceride levels
between SLE patients and controls, with higher
levels in the first group (p values of 0.001, 0.01,
and <0.001, respectively) (Table 5).
Transforming growth factor-beta 1 was
statistically
significantly
correlated
with
SLE disease duration with a p value of 0.04.
However, there was no statistically significant
correlation between TGF-b1 and erythrocyte
sedimentation rate, C-reactive protein, 24-hour
urinary protein, C3, serum cholesterol, LDL, and
serum triglyceride levels (Table 6, 7). TGF-b1 was
statistically significantly correlated with discoid
rash with a p value of <0.01. However, there was
no statistically significant correlation between
TGF-b1 and arthritis, photosensitivity, oral ulcer,
or malar rash (p>0.05) (Table 3).
Systemic Lupus Erythematosus Disease
Activity Index was statistically significantly
correlated with erythrocyte sedimentation
rate, serum cholesterol, triglyceride, and
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Table 8. Correlation between erythrocyte sedimentation rate, C-reactive protein, Systemic Lupus Erythematosus
Disease Activity Index, and lipid profile
ESR
C-reactive protein
r
p
SLEDAI
r
p
Total cholesterol
r
p
Low density lipoprotein
r
p
High density lipoprotein
r
p
Triglyceride
r
p

CRP

SLEDAI

Total cholesterol

LDL

HDL

0.238					
0.138					
0.432
0.005

0.115				
0.479				

-0.069
0.672

-0.172
0.289

0.354			
0.025			

-0.025
0.877

-0.075
0.646

0.172
0.288

0.767		
<0.001		

0.061
0.709

0.012
0.944

0.146
0.368

-0.035
0.830

0.068
0.675

0.165
0.308

-0.001
0.993

0.620
<0.001

0.560
<0.001

0.483
0.002

0.004
0.982

ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; LDL: Low density lipoprotein;
HDL: High density lipoprotein; r: Pearson correlation coefficient.

Table 9. Correlation between anti-deoxyribonucleic acid
and laboratory findings, Systemic Lupus Erythematosus
Disease Activity Index, and disease duration
Anti-DNA
SLEDAI
Rho
p
Disease duration
Rho
p
Erythrocyte sedimentation rate
Rho
p
C-reactive protein
Rho
p
Complement 3
Rho
p
Complement 4
Rho
p
24-h urinary protein
Rho
p
Total cholesterol
Rho
p
Low density lipoprotein
Rho
p
High density lipoprotein
Rho
p
Triglyceride
Rho
p
Transforming growth factor beta level
Rho
p

0.467
0.002
-0.462
0.003
0.223
0.167
0.071
0.665
-0.659
<0.001
-0.389
0.013
0.415
0.008
-0.038
0.815
-0.03
0.855
0.433
0.005
0.182
0.261
-0.18
0.267

DNA: Deoxyribonucleic acid; SLEDAI: Systemic Lupus Erythematosus
Disease Activity Index; Rho: Spearman correlation coefficient.

deoxyribonucleic acid levels (p values of
0.005, 0.025, 0.001, and 0.002, respectively)
(Table 8). Deoxyribonucleic acid was statistically
significantly correlated with disease duration,
C3, C4, and 24-hour urinary protein (p values
of 0.003, 0.001, 0.013, and 0.008, respectively)
(Table 9).
Transforming growth factor-beta 1 was not
statistically significantly correlated with serum
cholesterol, triglyceride, or LDL levels in
the control group (p>0.05) (Table 10). There
was no statistically significant difference in
TGF-b1 level between patients with high or low
disease activity, between those with proteinuria
of >3 g or <3 g, and between those with
serum creatinine of >1.2 g/dL or <1.2 g/dL
(Table 11, 12, 13).

DISCUSSION
Systemic lupus erythematosus is a complex autoimmune disorder which involves various facets of
the immune system. In addition to autoantibody
production and immune complex deposition,
emerging evidences suggest that cytokines may
act as key players in the immunopathogenesis of
SLE.9 Regulatory T cells play an important role
in the maintenance of immune tolerance to self
and in the pathogenesis of autoimmune disease.
TGF-b1 is a regulatory cytokine with pleiotropic
properties in immune responses.2
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Table 10. Correlation of lipid profile and transforming growth factor beta 1 in controls
TGF-b1 level
Total cholesterol
r
p
High density lipoprotein
r
p
Low density lipoprotein
r
p
Triglyceride
r
p

Total cholesterol

HDL

LDL

0.045
0.812
0.055
0.771

0.293
0.117

0.004
0.984

0.527
0.003

0.156
0.411

-0.107
0.573

-0.141
0.459

-0.273
0.144

0.111
0.557

TGF-b1: Transforming growth factor beta 1; HDL: High density lipoprotein; LDL: Low density lipoprotein; r: Pearson
correlation coefficient.

Table 11. Comparison between active lupus nephritis and non-active lupus nephritis

Age
Disease duration
SLEDAI
TGF-b1

Group 1 (n=21)
Active LN

Group 2 (n=19)
Non-active LN

Mean±SD
23.2±5.1

Mean±SD
27.9±6.5

p
0.01*

2.1±2.2
21.8±3.7
1374.6±458.4

3.9±3.8
5.5±4.9
1398.0±521.5

0.08†
<0.001‡
0.9†

LN: Lupus nephritis; SD: Standard deviation; * Significant; † Non-significant; ‡ Highly significant; TGF-b1: Transforming
growth factor-beta 1.

Table 12. Comparison between serum transforming growth factor beta 1 levels and
creatinine, complement 3, and proteinuria in systemic lupus erythematosus patients
TGF-b1 level
Creatinine
<1.2
≥1.2
24-h urinary protein
<3
≥3
Complement 3
Consumed
Not consumed

T-test

n

Range

Mean±SD

t

p

36
4

450-2110
919-2087

1355.7±488.8
1419.2±556.9

0.308

0.760

26
14

450-2110
919-1935

1430.4±532.2
1188.2±336.1

1.190

0.243

19
21

536-2076
450-2110

1277.8±458.3
1444.0±527.9

0.936

0.357

TGF-b1: Transforming growth factor beta 1; SD: Standard deviation.

Table 13. Comparison between serum transforming growth factor beta 1 levels in systemic
lupus erythematosus patients with mild to moderate versus higher disease activity
TGF-b1 level
SLEDAI
Mild to moderate
Higher activity

T-test

n

Range

Mean±SD

t

p

17
23

450-2110
536-2087

1363.48±521.95
1375.55±498.54

0.064

0.950

SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; TGF-b: Transforming growth factor beta 1; SD: Standard
deviation.
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In this study, we tried to assess the relationship
between serum TGF-b1 level and different clinical
and laboratory findings in SLE patients, and
whether there was any difference between SLE
patients and controls in terms of serum TGF-b1
level.
A number of circulating cytokine abnormalities
have been reported in SLE and recent advances
have revealed new insights in cytokine regulation
of autoimmune inflammatory responses.
In particular, the production of interleukin-10 and
TGF-b1, the two main regulatory T cytokines that
suppress the inflammatory response, has been
found to be deeply deregulated in SLE patients,
so they have been considered essential elements
in the etiopathology of the disease.10 TGF-b1 is a
highly pleiotropic cytokine with an important role
in maintaining immune homeostasis.11 TGF-b1
is involved in many critical cellular processes,
including cell growth, extracellular matrix
formation, cell motility, hematopoiesis, apoptosis
and immune function.12 TGF-b1 has pronounced
antiinflammatory
and
immunosuppressive
functions, the latter being realized by controlling
the activation, proliferation, differentiation and
survival of all effectors immune cells.13
In our study, there was a statistical significant
difference in serum TGF-b1 levels between SLE
patients and controls with lower values detected
in SLE patients with a p value less than 0.001.
This was in agreement with the results of
Becker-Merok et al.,14 who revealed that patients
with SLE had lower levels of TGF-b1 (p=0.01)
and interleukin-1b (p=0.0004) compared to
controls.
Discoid LE may occur either as a cutaneous
eruption without systemic disease or as part of
SLE. In biopsy specimens of discoid LE, CD4+ T
cells are the predominant cells.15 Three distinct
subsets of T-helper lymphocytes that vary in
their cytokine expression patterns have been
identified in mice and humans:16 T helper 1 (Th1),
and Th2. In our study, there was a statistically
significant difference in TGF-b1 between
SLE patients with (1051.5±31.4) or without
(1444.7±501.8) discoid rash, with lower value
in those with discoid rash with a p value less
than 0.001. This was in agreement with Antiga
et al.,17 who concluded that the down regulation
of TGF-b1 and interleukin-10 in discoid LE may
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lead to defective immune suppression and thus
to the generation of the tissue injury that is
found in lupus patients.
Furthermore, we demonstrated that TGF-b1
was statistically significantly correlated with
disease duration, which contradicted the findings
of Jackson et al.,18 who concluded that TGF-b1
in SLE patients inversely correlated with disease
duration (Pearson r=-0.377, p=0.033). This may
be related to prolonged disease duration in
their study (mean disease duration of 13±5.8
years); however, our patients had shorter disease
duration of 3±3.2 months.
Transforming growth factor beta 1 is a
multifunctional growth factor peptide reported to
be involved in many physiologic and pathologic
processes, such as vascular remodeling and
atherogenesis.19
In our study, we found 21 patients with
active nephritis, while we detected no statistically
significant difference in serum TGF-b1 between
active and non-active lupus nephritis group.
Moreover, there was no statistically significant
difference in TGF-b1 levels between patients with
proteinuria more or less than 3 g. This was in
contrary to Jin et al.,21 who showed significantly
lower levels of total TGF-b1 in patients with severe
renal damage, i.e. lower TGF-b1 in patients with
24-hour urine protein of over 3.5 g than in those
with below 3.5 g (p<0.05). This may be related
to sample size as his sample included 150 SLE
patients.
No significant correlation was found between
serum TGF-b1 and SLEDAI score in our SLE
patients (r=-0.056, p=0.7), which conformed with
the study of Q. Xing et al.,2 which was conducted
on 42 SLE patients and 26 healthy controls and
showed no significant correlation between serum
TGF-b1 levels and SLEDAI scores in SLE group
(r=0.049, p>0.05).
Furthermore, we divided our SLE patients
into different subgroups according to their
SLEDAI score. Accordingly, the number of
patients with mild to moderate SLEDAI scores
was 17 (42.5%), while the number of patients
with high SLEDAI scores was 23 (57.5%).
A comparison of the serum levels of TGF-b1 in
SLE patients as regards to their SLEDAI score
revealed no statistically significant difference
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between serum TGF-b1 levels in patients with
mild to moderate SLEDAI scores and patients
with high SLEDAI scores (p=0.950). This
finding disagreed with findings of Jin et al.,20
who found that total TGF-b1 levels were lower
in patients with high disease activity. This may
be due to their larger sample size.
Renal TGF-b1 is a key mediator of glomerular
and tubulo-interstitial pathobiology in renal
diseases. Over expression of TGF-b1 isoforms
and their receptors in the kidney of experimental
animals are closely linked to renal fibrosis,
a characteristic feature of progressive proteinuric
nephropathies.21
We found no significant correlation
between TGF-b1 and 24-hour urinary protein
(r=-0.11, p=0.5). This was in agreement with Q.
Xing et al;10 who found no significant correlation
between serum TGF-b1 levels and 24-hour urine
protein (r=-0.239, p>0.05).
The limitation of this study was our small
sample size. Therefore, further studies with larger
sample sizes are required to investigate the role of
TGF-b1 in SLE.
In conclusion, we detected lower levels of
serum TGF-b1 in SLE patients, with no statistically
significant correlation between TGF-b1 and
SLEDAI, or lipid profile. Moreover, there was
no statistically significant difference in TGF-b1
between dyslipidemic and non-dyslipidemic
lupus patients, and in active and non-active
lupus nephritis. On the other hand, there was
a statistically significant correlation between
TGF-b1 and discoid lupus with no correlation to
any other clinical manifestation of lupus, which
may raise the possibility that TGF-b1 may be a
diagnostic marker for discoid lupus. Finally, there
was a statistically significant correlation between
serum cholesterol and triglyceride levels with
SLEDAI.
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