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Abstract

Background and objectives: Systemic lupus erythematosus (SLE) is a systemic autoimmune
disease that causes damage to many organs of the body. The balance between pro-
inflammatory T-helper 17(Th17) and regulatory-T (Treg) cells play an important role in the
pathogenesis of SLE. The aim of the study is to assess Th17/Treg ratio and their relation to
disease activity in both adult and juvenile SLE patients on T -lymphocytes using flow
cytometry.

Patients and methods: This study was carried out on 80 patients; 40 patients with adult SLE
and 40 patients with juvenile SLE. Forty subjects were taken as control groups. All patients
and control were subjected to history taking and measuring of Complete blood count (CBC),
C3, C4, Antinuclear antibody (ANA), Anti ds-DNA and protein /creatinine ratio in urine and
measurement of Th17 and Treg by flow cytometry.

Results: There was statistically significant increase in Th17/Treg ratio in both active adult and
juvenile SLE when compared with inactive adult and juvenile SLE and control groups. Also
there was statistically significant increase in Th17/Treg ratio in inactive juvenile SLE when
compare with control, however, there was no significant difference between inactive adult SLE
when compared with control groups. There was a significant positive correlation between
Th17cells and SLEDAI, ANA, serum creatinine in both adult and juvenile SLE, Also,a
significant positive correlation between Treg cells and absolute neutrophil count, platelets , C3
and C4 in both adult and juvenile SLE.

Conclusion: Th17/Treg ratio is increased in active adult and juvenile SLE when compared
with inactive SLE and control and thus this ratio may be used as a marker of disease activity.
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Introduction damage in immune -mediated inflammatory diseases such as
SLE [4,5].

Treg cells represent the other face of the coin in SLE
pathogenesis [6]. Treg cells are a subset of CD4+ cells whose
function is to suppress the immune response and maintain self-
tolerance. The majority of Treg express high levels of CD25
but no other markers of T-cell activation. Treg cells are
generated mainly by self-antigen recognition in the thymus but

Systemic lupus erythematosus (SLE) is a chronic autoimmune
disease that affects all organs of the human body. The exact
cause of SLE is still unknown, but several factors have been
associated with disease (e.g. genetics, environment, and sex
hormone factors) [1,2].

Th17 cells differentiate from naive CD4+ T cells by
stimulation with antigen in the presence of TGF-Beta and IL-6. they also develop in the peripheral lymphoid organs. The

Th17 cells secret IL-17 and IL-22 [3]. The principal role of generation and survival of Treg cells are dependent on TGF-

Th17 cells appears to be protection against extracellular Beta and IL-2 and stimulation by the B7 and CD28 pathway.
bacterial and fungal infections through recruitment of [7]

neutrophils and other leucocytes. Studies in mice and humans

suggested that Th17 cells may be important mediators of tissue Treg cells inhibit activation and effector function of auto

reactive T-lymphocytes thus preventing the onset of aberrant
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self-immune response [8]. The balance between pro-
inflammatory Th17 and Treg cells play an important role in the
pathogenesis of SLE. The aim of this study to assess the
balance between Th17 and Treg cells in SLE and its relation to
disease activity in both adult and juvenile SLE patients.

Patients and Methods

This study was carried out at clinical immunology unit, faculty
of medicine, Bane Suef University hospital during the period
from March 2016 to February 2018. The study included 80
SLE patients who divided into: 40 adult SLE patients classified
by using SLICC criteria [9], (18 had active SLE and 22
inactive SLE patients) and 40 juvenile SLE patients classified
by using SLICC criteria [10], (15 had active SLE and 25 had
inactive SLE patients). The juvenile SLE patients were
selected from the pediatric Department, Faculty of Medicine,
El-Minia University. The activity was estimated according to
systemic lupus erythematous disease activity index (SLEDAI)
which consider active >5 [11]. The activity of lupus nephritis
was assessed according to renal SLEDAI

Eighty healthy normal 40 adults and 40 children matched in
age, gender, and geographical location, were used as the
control.

All patients were subjected to history taking, clinical
examination and laboratory investigations including CBC,
serum creatinene, C3, C4, ANA, Anti ds-DNA and protein /
creatinine ratio in urine and measurement of Th17 cells and
Treg cells by flow cytometry.

The study was approved by the ethics of the faculty of
medicine of Bani Suef University. The written informed
consents were obtained from all patients (SLE patients and
control). In case of juvenile patients the informed consents
were obtained from the parents.

Sampling protocol

Five ml of venous blood was collected by venipuncture and
was divided into, 2 ml on EDTA tube for CBC and flow
cytometric measurement of Th17 cells and Treg cells, 3 ml of
blood on plain tube, allowed to be clotted and the serum was
separated by centrifugation at 3000 rpm for assessment of
serum creatinine, C3, C4, ANA, and Anti ds-DNA. A random
urine sample was collected for assessment of protein/creatinine
ratio.

Assay protocol

CBC was by using automated cell count, Sysmex KX-21-
N(TAO medical incorporation, Japan) serum creatinine was
assessed by chemical auto-analyzer ( SLECTRA PROXL )
ANA and Anti-ds-DNA by using fully automated analytical
instrument Alegria, Germany, the kits were supplied by
Orgenetic diagnostic GMBH [12,13]. C3 and C4 by using
Cobas AS e 411 (ROCHE HITCHI), the kits were supplied by
Roche Diagnostics [14]. Albumin in urine was done by turbid
metric method and creatinine in urine was done by using
chemical auto-analyzer after diluting the urine samples 50
times.
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Immunofluorescence staining of Th17 cells

Staining of Th17 was done by using bioligand Human Th17
Flowa Kit (anti-CD3 FITC/anti-CD4 PE/anti-IL-17 Per CP)
according to the following protocol : 100 ul of blood was
added into two tubes (test and control) and 0.5 ml of fixation
reagent was added and incubation at room temperature for 20
minutes then centrifugation. The supernatant was removed. 2
ml of Intracellular Staining permeabilization reagent was
added to each tube and incubated at room temperature for 20
minutes, then centrifugation and the supernatant was discarded.
20 pl of IL-17 per CP /CD3 FITC/CD4 PE was added into the
test tube only and Isotype control antibody was added in the
negative control tube and incubated at room temperature in the
dark for 30 minutes. Washing twice with 2 ml Intracellular
Staining Perm Wash Buffer, and re-suspend in 0.5 ml PBS and
analyzed by flow cytometry [15].

Immunofluorescence staining of Treg cells

Detection of Treg cells was done by using bioligand One Step
Staining Human Treg Flowd (FOXP3 FITC/CD25 PE/CD4
PerCP) according to following protocol: 100 pl of blood was
added into two tubes (test and control) and 0.5 ml of fixation
reagent was added and incubation at room temperature for 20
minutes and centrifugation. The supernatant was removed and
2 ml of Intracellular Staining permeabilization reagent was
added to each tube and incubated at room temperature for 20
minutes, then centrifugation and the supernatant was removed.
20 pl of FITC anti-human FOXP3/ CD25 PE/CD4 PERCP was
added into the test tube only and Isotype control antibody was
added in the negative control tube and incubated at room
temperature in the dark for 30 minutes. Washing twice with 2
ml Intracellular Staining Perm Wash Buffer, and re-suspend in
0.5 ml PBS then analyzed by flow cytometry [16].

Statistical Analysis

Statistical analyses were performed using IBM SPSS version
21.0 software. A paired t-test was used to calculate the
difference of two parameters in groups. Categorical data were
evalua were analyzed using: ted using Chi-square test. P<0.05
was accepted as statistically significant. Two study groups

ANOVA test for comparison of quantitative data.
Bivariate correlation analysis for association analysis.

Note the ratio Th17/Treg calculated case by case (for each case
individually), then the mean was calculated for the calculated
ratios.

Results

Table 1 serum creatinine, ANA, Anti ds-DNA, and protein/
creatinine ratio were significantly higher in adult and juvenile
SLE than controls while C3, C4, absolute neutrophils count
and platelet count were significantly lower in adult and
juvenile SLE than controls. Table 2 absolute count of
lymphocytes, CD4 T-lymphocytes, percentage and absolute
count of Treg cells were significantly lower in adult and
juvenile SLE when compared with controls while percentage
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and absolute count of Th17 cells and Th17/Treg ratio were
significantly higher in adult and juvenile SLE than control.

Table 1. Demographic and laboratory data of the studied groups.

Maher/Taha/Hozayn/et al.

Juvenile SLE Juvenile control
Variables Adult SLE N=40 Adult Control N=40 | P value N=40 N=40 P- value
Age (year) 31.7+8.0 36.6+8.7 0.69 125+1.7 12.0+1.9 0.932
Sex: Female/Male 30/10 (75 /25%) 30/10 (75/25%) 1 32/8 (80/20%) 32/8 (80/20%) 1
ANA( Index ) 489+22 0.26 +0.12 <0.001 3.94+19 0.16 + 0.01 <0.001
Anti ds DNA (1U/ml) 219.5+21.2 3.70+£0.20 0.001 185.06 +18.00 25+0.20 <0.001
C3 (mg/dl) 60.0 + 18.5 125.7 £12.0 0.003 725+95 110.0 £ 14.5 0.004
C4 (mg/dl) 8.07+56 29.8+4.4 0.004 9152 344+415 0.091
Protein/creatinine ratio(mg/gm
creatinine) 257.4+118.8 <30.0 <0.001 190.0 £ 128.0 <30.0 <0.001
Neutrophil count(cell/ul) 2115.0 £ 740.0 5020 + 1100.0 0.001 1985.0 + 280.0 2990.0 + 340.0 <0.001
Platelet count (cell/ul ) 119.5+41.5 293.0+78.0 0.001 105.5 £ 50.0 316.0 £ 94.0 <0.001
Serum creatinine (mg/dl) 19+04 1.1+£0.2 0.001 1.4+0.3 0.7+03 <0.001

Table 2. Lymphocyte Subpopulations of the studied groups, Note : the ratio Th17/Treg in the above table was calculated case by case (for each
case individually),then the mean was calculated for the calculated ratios.

Juvenile Control
Variables Adult SLE N=40 Adult Control N=40 P-value Juvenile SLE N=40 N=40 P-value
Lymphocytes (cells/uL) 1434.4 + 356.03 1801.5+ 115.8 <0.001 2429.7 + 3471 3650.5 + 115.8 <0.001
CD4+ (cells/uL) 461.3 £ 176.1 777.1+£81.8 <0.001 831.3+180.2 1057.1£81.8 <0.001
Sub-populations of CD4+ lymphocytes (absolute counts)
Th17 absolute count (cells/uL) 7.03+0.74 5.69+2.1 0.011 27.03+0.74 6.60 £ 2.1 <0.001
Treg (cells/uL) 9.53+4.0 15.4 £2.06 <0.001 8.47+43 34.4+2.06 <0.001
Sub-populations of CD4+ lymphocytes (% of CD4+)
Th17 (% of CD4+) 1.07 £ 0.58 0.37£0.13 <0.001 2.9+0.62 0.57+0.13 <0.001
Treg (% of CD4+) 1.1+0.51 1.4+0.18 0.019 1.0 £ 0.52 3.02+0.17 <0.001
T h17/Treg ratio 1.64+1.6 0.23+0.11 <0.001 1.61+1.57 0.24 +0.08 <0.001

Table 3, Figures

1 and 2 explain absolute count of
lymphocytes, absolute count of CD4 cells and Treg cells were
significantly lower in active adult SLE when compared with

inactive adult SLE and control while Th17 cells and Th17/Treg

ratio were significantly higher in active adult SLE than inactive
adult SLE and control. No significant difference between
inactive adult SLE and control as regard these parameters.

Table 3. Comparison between lymphocytes, CD4+, Th17, Treg and Thl17/Treg ratio among active and inactive adult SLE patients and control,
Note the ratio Th17/Treg in the above table was calculated case by case (for each case individually), then the mean was calculated for the
calculated ratios. P1: p-value between active SLE patients and control. P2: p-value between active and inactive SLE patients. P3: p-value between

inactive SLE patients and control.

Variables

Active N=18

Inactive N=22

Adult Control N=40

P-value

Lymphocytes (cells/ uL)

1066 +40.8

1735.8 £ 36.1

1801.5+115.8

P1:<0.001

P2:<0.001

P3:0.078

CDA4+ (cells/ uL)

278.5 +36.1

610.8 £ 57.6

777.1+81.8

P1:<0.001

P2: <0.001

P3:<0.001

Th17 (% of CD4+)

1.6 £0.25

0.59+£0.18

0.37£0.13

P1:<0.001

P2: <0.001

P3:0.060

Treg (% of CD4+)

0.57 £0.16

1.5+£0.18

1.4+0.18

P1:<0.001

P2:<0.001

P3:0.149
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P1: <0.001
P2: <0.001
Th17/Treg ratio 317 +£1.43 0.39 £0.12 0.23 £0.11 P3:0.452
P3:
Comparisonof CD4+, lymphocytes among adult| <0.001
groups P1:<0.001
" " ‘ B Adive O inactive B Control | P2:<0.001
2000 Lpseg 18015 Treg 05+0.14 1.0£0.19 3.02£0.17 P3:<0.001
e P1:<0.001
;:‘ .
ey *H Th17/Treg P2:<0.001
8 771 ratio 315+1.01 | 0.35:0.13 0.24 £0.08 P3:<0.001
E 6108
2 _
278> Table 5 and Figure 3 explain a positive correlation between
g p p
0 - Th17 in adult and juvenile SLE and duration of the disease,
L h CD4 .« . . .
i . SLEDI, serum creatinine, ANA, Anti ds-DNA and, a negative

correlation between Thl7 and absolute neutrophils count,

. ] . n
Figure 1. Comparison of absolute lymphocytes and CD4+ among platelet C3 and C4.

adult groups.
Table 5. Correlation between Thl7 and disease parameters.
Comparison of Subpopulations of CD4+
Iymphocytes among adult groups Adult SLE No=40 Juvenile SLE No=40
‘ BActive Hinactive H Control ‘ Variables - P- i P-
Disease Duration 0.73 <0.001 0.685 0.001
> il SLEDAI 0.899 | <0.001 | 0.892 <0.001
g” J £ . Neutrophils count -0.621 0.001 -0.53 <0.002
Sl 24 16 Platelet count -0.874 <0.001 -0.79 <0.001
E;‘ 57 ; Serum creatinine 0.741 <0.001 0.63 0.001
s 01 : 4*4 Anti-ds-DNA 0.928 <0.001 0.934 <0.001
o L ; , s ANA 0.933 | <0.001 0.93 <0.001
7 Ires Thi7/Treg ratio c3 -0.928 | <0.001 -0.92 <0.001
Figure 2. Comparison of sub-population of CD4+ lymphocytes c4 -089%6 | <0.001 -0.93 <0.001

among adult groups.
adult SLE group

Table 4 explain absolute count of lymphocytes, absolute count
of CD4 cells and Treg cells were significantly lower in active
and inactive juvenile SLE when compared with control while
Th17 cells and Th17/Treg ratio were significantly higher in

2.00

active and inactive juvenile SLE than control. 1507
T
Table 4. Comparison between lymphocytes, CD4+, Thl7, Treg and é
Treg/Th17 among active and inactive juvenile SLE patients and % oo
control, Note the ratio Thl7/Treg in the above table was calculated )
case by case (for each case individually), then the mean was E
calculated for the calculated ratios. =
5077
Inactive
Variables Active N0=18 | NO=22 Control N0=40 | P-value
P1:<0.001
P2:<0.001 007 Ei%’%%%
Lymphocytes | 1167.3 £39.6 | 2726.2+ 113.1 | 3650.0 + 115.8 | P3:0.091 o 0 0t0 oo B0oD
P1:<0.001 SLEDAI
P2:<0.001
CD4+ 27524412 | 6385+ 60.9 1057 + 818 P3-<0.001 Figure 3. Correlation between Thi17 and SIEDAI in adult SLE.
P1:<0.001 Table 6 and Figure 4 explain negative correlation between Treg
Th17 32+024 253+0.21 0.57£0.13 P2:<0.001 cells in adult and juvenile SLE and duration of the disease,

SLEDI, serum creatinine, ANA, and Anti ds-DNA and, a
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positive correlation between Treg cells and neutrophils count,
platelet, C3 and C4.

Table 6. Correlation between Treg and disease parameters.

Adult SLE No.=40 Juvenile SLE No.=40

Variables r. p. r. p.
Disease Duration -0.658 0.002 -0.609 0.004
SLEDAI -0.962 <0.001 -0.918 <0.001
Neutrophils count 0.654 0.002 0.644 0.002
Platelet count 0.823 <0.001 0.919 <0.001
Serum creatinine -0.847 <0.001 -0.683 0.002
ANA -0.93 <0.001 -0.95 <0.001
Anti-ds-DNA -0.944 <0.001 -0.944 <0.001
C3 0.923 <0.001 0.919 <0.001
C4 0.927 <0.001 0.943 <0.001

adult SLE group

2007

1507

1.00+

Treg (% of CD4+)

509

r=-0.962
907 P <00.001

T T T T T
00 20.00 40.00 60.00 50.00
SLEDAI

Figure 4. Correlation between Treg and SIEDAI in Adult SLE.

Discussion

Systemic lupus erythematosus (SLE) is an autoimmune
disorder affecting almost all organs and tissues of the body. T-
helper 17 (Th17) cells are differentiated from native CD4+T
and are characterized by the production of IL-17 and have been
included in a list of autoimmune diseases such as SLE as they
are responsible for the inflammatory response in these diseases
[17].

The other face of the coin in the pathogenesis of SLE is Treg
cells which are a subset of CD4 T cells whose functions is to
suppress the immune response and maintain self-tolerance
[18]. The etiology and pathogenesis of SLE disease are still
unclear; however, it has been shown that the balance between
Th17 and Treg cells is a paradigm which underlies the
progression of clinical symptoms in SLE patients [19].

The balance between Th17 and Treg in SLE patients has been
studied for many years and giving different results, this may be
due to disease heterogeneity, the impact of immunosuppressive
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treatment or these studies included patients with different
levels of disease activity.

Most studies about Th17 and Treg which studied their relation
to (SLE) disease showed that the elevation of Thl7 and
reduction of Treg were thought to be the major factor of
increasing production of autoantibodies and tissue damage in
SLE patients [20,21]. Our study showed a significant
difference in Anti-ds-DNA, and protein/creatinine ratio
between adults, juvenile groups and controls.

Our study showed a significant increase in absolute number
and percentage of Th17 cells and a significant decrease in
absolute number and percentage of Treg cells with increased
Th17/Treg ratio in active adult and juvenile SLE when
compared with inactive SLE and healthy control. On
comparing between inactive SLE and healthy control, there
was no significant difference [22]. Our results were in
agreement Xing and Talaat et al. and Ning et al. [23-25] and
increased Thl7 cell percentage was also observed in adult
patients with active SLE. However, we disagree with Weronika
Klecynska et al. [26] who did not find any difference in Th17
cells percentage between active SLE patients and healthy
control.

Treg cells in SLE patients have been studied in many studies
but the results obtained still confusing in which, most studies
showed a reduced number of Treg [21] and other studies
showed that instead of a reduction of Treg, the percentage of
Treg increased in active SLE patients [27,28]. However, these
Treg cells in SLE patients were found to have impaired
suppressive function to control the autoimmunity process in
SLE disease [29], or the pro-inflammatory Thl17 cells are
resistant to suppression action of regulatory T cells. Due to the
difference of the value of Th17 and Treg cells in patients with
active SLE from one report to another constantly the ratio of
Th17/Treg will differ. Some studies showed an increase in
Th17/Treg ratio in adult active SLE when compared with
inactive and control [30].

Another research group described an elevated ratio of Th17 to
Treg in adult patients with active SLE with no evidence of an
increase in the percentage of Th17 [31]. Also, Yang et al.
showed a significant increase of Th17/Treg ratio in SLE
patients which indicate that Treg is incapable of modulating
Th17 differentiation [32]. The imbalance of Th17/Treg ratio
toward the side of pro-inflammatory Th17 side has been found
in many of autoimmune diseases such as rheumatoid arthritis
(RA), multiple sclerosis (MS), inflammatory bowel disease
(IBD), as well as systemic lupus erythematous (SLE) [33].

The study also indicated a significant correlation between
Th17/Treg ratio and parameters of the disease activity. Positive
correlation with ANA, ANT-DNA, protein/creatinine ratio and
SLEDAI with negative correlation with C3 and C4. These
results are in agreement with those observed by Xing, Talaat et
al. and Ning et al. [23-25]. Circulating number of Treg is
decreased in SLE with unknown reasons. Environmental
factors such as ultraviolet light infection and cigarette smoking
cause oxidative stress and increased production of IL-6 which
may be the primary cause for a decrease in Treg in SLE
[34,35].
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Ultraviolet exposure can induce DNA damage generation of
DNA photoproducts and apoptotic materials with activation of
B cells and promote the differentiation of Th17 cells with
production of IL-17 and aggravate lupus injury as IL-17
induces an inflammatory response [34,35]. Normally Th17/
Treg ratio stays in a dynamic immune balance Increased
oxidative stress in SLE induce and expand the pro-
inflammatory Thl7 cells and inhibit the anti-inflammatory
Treg cell differentiation and aggravate autoimmune injuries
[34,35].

Many drugs which capable of modifying Th17/ Treg ratio have
been shown to be effective in the autoimmune diseases and
approved for treatment of some of autoimmune diseases
[36,37]. Also, it was found that the Th17 cells are not uniform
subset but consist of pathogenic and non-pathogenic cell
population. The non-pathogenic Th17 cells has a physiologic
role in the protection of intestinal barrier function [38]. The
therapeutic strategies which depend on Targeting only
pathogenic Th17 cells may be the next step for shifting Th17/
Treg ratio. Recently, several molecules which capable of
modifying the Th17/Treg imbalance have shown promising
results in animal models [39,40]. But they need more
evaluation before tested in human.

Conclusion

In summary, several challenges are still required identifying
the Thl17/Treg targeted therapeutic strategy that will be
effective for the treatment of autoimmune diseases as well as
SLE disease. In conclusion, elevation in pro-inflammatory
Th17 and reduction of Treg is highly correlated to SLE disease
activity in both adult and juvenile SLE patients. Returning
Th17/Treg cell balance may open new lines for SLE treatment.

Further studies about Th17/Treg imbalance are required at
several levels of disease activity because most studies include
patients of low activity level and early diagnosed SLE patients
in which reports that included both adult and juvenile SLE
patients are not found.
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