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Expression of interleukin-12 and its signaling molecules in peripheral blood

mononuclear cells in systemic lupus erythematosus patients
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Objective

To determine the in vitro expression of interleukin-12

IL-12 and its effect on signal

transducers and activators of transcription STAT signaling molecules in peripheral blood mononuclear cells
PBMCs in patients with systemic lupus erythematosus SLE .

Methods Peripheral blood mononuclear cells in 39 patients with definite systemic lupus erythematosus and
11 healthy volunteers were collected. Expression of IL-12 P4OmRNA in PBMCs was determined with
reverse transcription-polymerase chain reaction RT-PCR . Quantity of IL-12 protein supernatant was
measured by enzyme-linked immunosorbent assay ELISA . The levels of phosphorylated STAT3 and
STAT4 signaling molecules in PBMCs were detected by immunoblot.

Results Levels of IL-12 protein and mRNA expression in patients with active or inactive SLE were
significantly higher than those in controls. Phytohemagglutinin  PHA may promote the expression of IL-12.
IL-12 alone induced the phosphorylation of STAT3 and STAT4 in PBMCs from patients with SLE especially
in active SLE. However it had no obvious effect on normal PBMCs. Phosphorylated STAT3 and STAT4

might be observed in normal PBMCs treated with IL-12 plus PHA.

Conclusion

IL-12 is produced aberrantly in patients with SLE. IL-12 might exert its biological role in SLE

via the aberrantly phosphorylated STAT3 and STAT4 signaling molecules.

Systemic lupus erythematosus SLE  is an autoimmune

disorder ~which is characterized by the impaired
immunoregulation reflected in abnormal humoral and cellular
immune responses during the active state. Constitutive
abnormalities in T and B cells play an important role in this
disease. Both biochemical and functional abnormalities

affecting cytokine production  antigen/mitogen  driven
proliferation and signal transduction pathways in lupus T and
B cells have been reported. Abnormalities in T and B
Iymphocytes and excessive autoantibody production are the
features of this disease.'™  Recent studies showed that a
large quantity of interleukin-12 11.-12  could be generated
in vitro by T and B lymphocytes* and monocytes following
stimulation with phytohemagglutinin  PHA  or lipopolysac-
charide  LPS

proliferation and differentiation and autoantibody production

which mediate the regulation of cell

by feedback.’ IL-12 can induce phosphorylation of signal
transducers and activators of transcription STAT ~ STAT3
and STAT4 signaling molecules in T cells pretreated with
IL-2 or PHA. However it is still not clear whether IL-12 is
aberrantly produced in SLE and how it exhibits its biological
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role through signaling pathways.

In this study we present an evidence that the expression of
IL-12 is aberrant in SLE and 1L-12 alone induces the
phosphorylation of STAT3 and STAT4 in peripheral blood
PBMCs in SLE but has no effect on

mononuclear cells

normal PBMCs.

METHODS

Patients
Thirty-nine patients who fulfilled at least 4 criteria for SLE
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established in 1982 by the

Rehumatology were studied. Of them 37 were women and 2

College  of

American
were men. At the time of the study the mean age was
30+ 7 years
duration from first symptoms was 6 = 4 years. Activity of

range 18 — 46 years and mean disease
SLE was estimated using the SLE Disease Activity Index
SLEDAI
divided into two groups. Twenty-one patients were in the
active SLE group with a mean SLEDAI score of 15 + 6
range 9 — 20 . Eighteen patients were in the inactive SLE
group with a mean SLEDAI score of 2 + 7
The control group included 11 healthy volunteers 10 women

.% According to the active index patients were

range 3-8 .
and 1 man who had a mean age of 30 + 4 years range
25-33 years . None of them were receiving
immunosuppressive drugs or blood products within three

weeks before taking blood samples.

Materials

All reagents were purchased from Sigma Company if not
otherwise cited. Polyclonal rabbit antibodies against STAT3
STAT4 C-20 and L-18 and Py-20 were purchased from
Santa Cruz Biotechnology Santa Cruz CA . ECL kits were
from Amersham Arlington Heights IL . The total RNA
isolation kit and reverse transcription-polymerase chain
reaction RT-PCR kit were purchased from Boehringer
Mannheim  GE  Germany . Ficoll-Hypaque was from
Pharmacia Pharmacia Uppsala Sweden . PHA and rIL-12

were provided by Pepro Tech Pepro Tech England .

Cell culture
Ten milliliters of peripheral blood were diluted with 10 ml of
phosphate buffered saline PBS  layered carefully over
7.5 ml of Ficoll-hypaque and centrifuged at 400 g for 30
minutes at room temperature. 250 g hypaque was kept for 10
minutes to remove other types of cells and so PBMCs was
got. PBMCs were cultured in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bovine serum
and further incubated for the indicated times with PHA
2 mg/ml or rlL-12 10 ng/ml . PBMCs were incubated
at 37°C in 5% CO, in a humidified incubator. 2 x 10° cells
were incubated for 48 hours to harvest supernatants. All
experiments were repeated at least twice using cells from
different donors.

RT-PCR analysis

Total RNA preparation cells were washed twice with 10 ml
PBS and suspended in 1 ml of denaturing solution for RNA
preparation using the total RNA isolation kit. RNA was
quantified by absorbance at 260 nm and purity was checked
by 260/280 nm absorbance and by agrose-formaldehyde gel
electrophoresis  after staining with ethidium bromide.

Expression of 11-12 mRNA was detected by RT-PCR using

primers. Primers were synthesized according to the cDNA
sequence ' which generated a 272 bp fragment sense
CCA-CAT-TCC-TAC-TTC-TC GTC-TAT-TCC-
GTT-GTG-TC. pB-actin primers were used to perform
RT-PCR  which generated a 587 bp fragment sense CAA-
AGG-CCA-ACC-GCC-GGG-AGA-AAG-TGA

AGG-GTA-CAT-GGT-GGT-GCC-GCC-AGA-C.

antisense

antisense

The ¢cDNA were made by using an RT-PCR kit. Synthesis
was carried out in a 50 ml reaction volume containing 4 pg of
total RNA. Amplification was performed in a DNA thermal
Perkin  Elmer
denaturation at 94°C  for three minutes 35 cycles of
amplification 94°C for 30 seconds 54°C for 45 seconds

and 68°C for 60 seconds  and final extention at 68°C for
10 minutes. These fragments were readily distinguishable by

cycler Germany  as follows initial

ethidium bromide staining after electrophoretic migration in
1.5% agarose gels. Area percentages of I1.-12 mRNA/[3-
actin mRNA were analysed by a computer picture analysis

system UVP GDS 7600 Germany .

Quantitative measurement of IL-12
In order to determine IL-12 in the supernatant of PBMCs
activated in vitro with PHA a commercial enzyme-linked

ELISA kit was used Pepro Tech

England according to the manufacturer’ s instructions.

immunosorbent assay

Immunoblot analysis

Cells were pretreated with protein kinase inhibitors for 0.5
hours. Cells were further cultured for 1 hour in the presence
or absence of inhibitors. 5 x 10° cells were then washed with
phosphate buffered saline three times and incubated in
radioimmune precipitation assay RIPA lysis buffer 0.5%

Non nidet P-40 20 mmol/L Tris-HCl pH 7.5 1 mmol/L
ethylenediaminetetraacetic acid ~ EDTA 1 mmol/L
ethylene glycol tetraacetate EGTA 1  mmol/L

phenylmethlsulfonyl fluoride 100 mmol/L leupeptin 100
for 10 minutes at 4°C . The cell
lysate was centrifuged at 1300 g for 10 minutes and the

mmol/L pepstain A 8 °
supernatant was used as cytoplasmic extract. Protein
concentration was determined using the Bradfold assay kit

from Bio-Rad.

For immunoprecipitation 20 pg extract was transfered to a
microcentrifuge tube and 5 pl monoclonal antibody —anti-
STAT3 anti-STAT4 Santa Cruz Biotecnology Santa Cruz

CA USA was added incubated for 1 hour at 4°C . Then
20 pl protein A-Agrose was added and incubated for 10
hours. Immunoprecipitate was collected by centrifugation at
2500 r/min for 5 minutes at 4°C. Samples were then boiled
for 3 minutes and the cell lysate was separated by
through 8%

polyacrylamide gels and

electrophoresis sodium dodecyl  sulfate-

transferred to  nitrocellulose

membranes. The blot was probed with the secondary
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anti-STAT4 Santa Cruz Biotecno-
CA USA

Chemiluminesence

antibody  anti-STAT3
logy Santa Cruz for 1 hour at room
detection ECL
Amersham was carried out according to the manufacturer’ s
using peroxidase conjugated anti-rabbit
immunoglobin 1 :1000 Santa Cruz Biotecnology Santa
Cruz CA USA . After the nitrocelluose membranes were
phosphorylation of STAT3 and STAT4 was

determined using the blot probed with py-20 antibody.

temperature.

specifications

stripped

RESULTS

Increased IL-12 mRNA levels in PBMCs from patients
with SLE

PBMCs from control and SLE groups were cultured with PHA
or PHA plus IL-12. Representative results of RT-PCR for
IL-12 P40 are shown in Fig. 1. Following stimulation of
PBMCs with PHA 11-12 P40 mRNA expression was higher
in both active and inactive SLE PBMCs than in controls P
<0.05 . IL-12 P40 mRNA expression in PBMCs treated

Arlinsa?
732
114 P

with IL-12 plus PHA was significantly higher in both active
P<0.01 . IL-12 P40
mRNA expression was greater in active SLE than in inactive

SLE P<0.01 Fig. 2 .

and inactive SLE than in controls

Increased IL-12 protein levels in PBMCs from SLE
patients

Levels of IL-12 measured by ELISA were much higher in
supernatants from PBMCs of active or inactive SLE than in
those of controls no matter whether they were stimulated

with PHA or not Table P <0.01

Table. Concentration of I1-12 in supernatants of cultured PBMCs

Group Number (;::/11;31 pl‘)gljr/?ﬂ
Normal control 11 29.8+9.1 34.2+11.2
Active SLE 21 174.2+12.3" 209.6+23.7"
Inactive SLE 18 67.4+10.7" 82.8+21.3"
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Elispot assays for the detection of IL-12-secreting cells were performed in PBMCs
cultured with or without PHA as described above. Values are expressed as
x+xs. ¥ P<0.01 versus normal control.
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Fig. 1. RT-PCR analysis of I1-12 expression in normal and SLE active or inactive PBMCs. Total RNA
was isolated from PBMCs and RT-PCR for IL-12 and B-actin was performed. PBMCs from the normal

control Lanes 1 -3

the inactive SLE Lanes 4 — 6
with nothing  PHA 2 mg/ml and PHA 2 mg/ml plus IL-12 10 ng/ml

or the active SLE Lanes 7 -9 were stimulated
respectively. We present the

ethidium bromide staining of RT-PCR products analyzed on a 1.5% agarose gel. Amplification of the B-actin

gene was used as an internal control. M marker.
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Fig. 2. Comparison of expression of 11-12 P40 mRNA among
these groups. PBMCs from SLE patients and from control were
cultured with nothing PHA 2 mg/ml  or IL-12 10 ng/ml
plus PHA 2 mg/ml . Results are expressed as x + s. Eleven
healthy volunteers and 39 SLE patients were tested. * P <
0.05 ** P<0.01 versus control Man-Whitney U-test .

IL-12 phosphorylated STAT3 and STAT4
IL-12 clearly activated STAT3 and STAT4 but it induced

only weak phosphorylation of STAT3 in active SLE. It did
not induce significant phosphorylation of STAT3 in normal
PBMCs whereas PHA  induced  weak  tyrosine
phosphorylation of STAT3 and STAT4. IL-12 induced
tyrosine phosphorylation of STAT3 and STAT4 in active SLE
and the level of phosphorylation was much stronger than that
produced by I1.-12 in PBMCs from inactive SLE, but weaker
than that produced by IL-12 plus PHA-treated PBMCs in
active SLE. Stripping and reprobing membranes were
sequentially carried out with antibodies to STAT3 and
STAT4  which were used as internal controls

experiment was ensured to be done at the same conditions.

so the

DISCUSSION

IL-12 is recently identified as
produced mainly by T and B lymphocytes and monocytes. It

inflammatory ~ cytokine

promotes the production of IFN-y by T lymphocytes and is
necessary for differentiation of Th naive cells to Thl cells. '
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Thl type immune response modulates the production of
IgG2a IgG3 anti-dsDNA and anti-Sm autoantibodies. !
IL-12 is a P70 heterodimeric cytokine formed by P35 and
P40 subunits. P35 is produced by many cell types whereas
P40 is expressed specifically by IL-12 producing cells.?
Similar results were obtained in our previous experiments.
The determination of P40 subunits may reflect the expression

level of IL-12.

IL-12 can induce the initiation of autoimmune disease and
evidence shows that 1L-12 can accelerate the development of
SLE 12-14

than in controls. Moreover the level of IL-12 in active SLE

In our study IL-12 in SLE patients was higher

was much higher than in inactive SLE  which suggests that
PBMCs are aberrant in SLE patients for they secret large
amounts of IL-12. On the other hand PHA significantly
promoted PBMCs to produce IL-12 in SLE whereas it had
no obvious effect on PBMCs in controls. This shows that
PBMCs are activated in SLE and have a sensitive response to
PHA or inflammatory stimulations.

Our experiments showed that IL-12 mRNA expression in SLE
patients was higher than that in controls possibly resulting
from an activated 1L-12 gene in SLE. It also suggests that
PBMCs are activated in SLE and they promote I1.-12 gene
expression. These results are consistent with the fact that
IL-12 mRNA expression and protein expression are greater in
SLE. IL-12 mRNA expression was greater after stimulation
with PHA or 1L-12 plus PHA suggesting that there was a
direct link between aberrant activation of PBMCs and 11-12
production. Although PBMCs were normal in the controls

yet they may be activated after pretreatment with PHA.
IL-12 exhibited its biological role via the PHA activated
PBMCs in the controls. IL-12 alone had minor effect on
normals  differing from IL-2 TFN-Y and other cytokines that
have direct effects on PBMCs. Whether there were special
signaling pathways in IL-12 signal transduction in PBMCs

especially in SLE patients may be related to STAT3 and
STAT4 signaling molecules in SLE PBMCs.

Signaling by many cytokines involves phosphorylation of
proteins known as STAT forming dimeric complexes and
bind specific DNA sequences.'>'”  Most known STATS
bind IFN-7Y-activated GAS motifs containing the consensus
sequences TTNCNNNAA '8

IL-12 and PHA also activate both distinct and overlapping
components of the JAK/STAT signaling pathway in activated
T cells.”®'  The importance of JAK /STAT signaling in

mediating the functional of IL-12 has been
2

effects
demonstrated by the phenotype of STAT4 knockout mice.
Recently 1L-12 has been found to induce tyrosine
phosphorylation of STAT3 and STAT4 in Thl cells. In mice

lacking STAT4 all the major functional effects of IL-12 on
T and NK cells are markedly inhibited.?
also induce the serine phosphorylation of STATs. Tyrosine

Cytokines can

phosphorylation of STATs is required for dimerization
nuclear translocation and DNA binding and is therefore
necessary to induce STAT-responsive gene transcription.

IL-12 induces strong tyrosine phosphorylation of STAT4 and
variable weak phosphorylation of STAT3 in active SLE.
Differential different
activation of both separate and overlapping STAT proteins by

phosphorylation and  consequent
PHA and IL-12 may provide a molecular basis for the
similarities and differences in the activation of these

stimulators for PBMCs in SLE.

This study indicates that PBMCs in SLE patients are
and II-12 mRNA expression and
protein production are enhanced in PBMCs which promote
PBMC proliferation and differentiation via STAT3 and STAT4
signaling pathways.?*  The stimulation of PBMC by IL-12
may result in secretion of autoantibodies. These observed

aberrantly activated

IL-12 induced events could be involved in the pathogenesis
of SLE and provide new clues for understanding the
molecular bases of autoimmunity.
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