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Fyn and CD70 Expression in CD4+ T Cells from
Patients with Systemic Lupus Erythematosus
ANNA KOZLOWSKA, PAWEL HRYCAJ, JAN K. LACKI, and PAWEL P. JAGODZINSKI

ABSTRACT. Objective. CD4+ T cells from patients with systemic lupus erythematosus (SLE) display defective
function that contributes to abnormal activation of B cells and autoantibody production.
Methods. We compared the transcript and protein levels of Fyn and CD70 in CD4+ T cells from
patients with SLE (n = 41) and healthy individuals (n = 34). The CD4+ T cells were isolated by pos-
itive biomagnetic separation technique. The quantitative analysis of messenger RNA was performed
by reverse transcription and real-time quantitative PCR. The protein contents in the CD4+ T cells
were determined by Western blotting analysis.
Results. We observed significantly higher levels of Fyn (p = 0.03) and CD70 (p = 0.029) transcripts
in SLE CD4+ T cells than in controls. There was a significant increase in CD70 protein levels (p <
0.0001), but not Fyn protein levels (p = 0.081) in CD4+ T cells from patients with SLE compared to
healthy individuals. In the group with high disease activity [SLE Disease Activity Index (SLEDAI)
≥ 9], we observed a significantly higher Fyn protein content than in controls (p = 0.030). There was
no correlation between Fyn and CD70 protein levels in SLE CD4+ T cells and disease activity as
expressed in the SLEDAI scale.
Conclusion. We confirmed previous observations of higher expression of CD70 in CD4+ T cells
from patients with SLE. Our findings suggest that increased Fyn protein content in CD4+ T cells can
be associated with high SLE disease activity. (J Rheumatol First Release Dec 1 2009; doi:10.3899/
jrheum.090424)
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Systemic lupus erythematosus (SLE) is a complex autoim-
mune disorder, characterized by a broad spectrum of clinical
and immunological abnormalities1,2. Immune cells from
patients with SLE exhibit various aberrations, including
skewed cytokine production, lowering of cytotoxic T cell
function, and increase of humoral response3-6. Abundant
production of autoantibodies directed against self-antigens
leads to formation of immunocomplexes that affect multiple
organs6,7.

The interaction of the T cell receptor (TCR)/CD3 com-
plex of T CD4+ cells with antigen bound to the major histo-
compatibility complex (MHC) of B lymphocytes is an
essential step in B cell differentiation into plasma cells and
antibody biosynthesis8. Binding of the TCR with a specific

antigen leads to activation of Lck or Fyn nonreceptor tyro-
sine kinases9. Subsequently, these kinases result in phos-
phorylation of the cytoplasmic domain of the immunorecep-
tor tyrosine-based activation motif of CD3-zeta and ZAP-70
kinase9,10. The ZAP-70 kinase phosphorylates other signal
proteins including LAT and SLP-769,11. This initiates
numerous biochemical intracellular events, resulting in sec-
ond messengers and transcription factor activation, and the
expression of genes encoding proteins involved in immune
response11,12.

Defective function of CD4+ T cells can contribute to
abnormal activation of B cells in patients with SLE3-6.
These defects are associated with changes in expression or
activity of various molecules involved in CD4+ T cell
stimulation3-5.

It has been demonstrated that Fyn gene depletion signif-
icantly reduces the clinical manifestation of lupus in
MRL/lpr mice13. Moreover, the Fyn protein was proposed
as a positive regulator of autoimmune disease in MRL/lpr
mice13.

In addition to the interaction of the TCR with a specific
antigen bound to the MHC, a number of costimulatory mol-
ecules are needed to help regulate T CD4+ cell stimulation
and B cell differentiation into plasma cells8. One of the cos-
timulatory molecules is CD70, also known as CD27 lig-
and14. It has been reported that CD70 overexpression in T
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cells contributes to SLE incidence and autoantibody
production15-17.

We compared transcript and protein levels of Fyn and
CD70 in CD4+ T cells from patients with SLE and healthy
individuals.

MATERIALS AND METHODS
Patients and controls. Forty-one patients (39 women and 2 men) fulfilling the
American College of Rheumatology classification criteria for SLE18,19 were
chosen in a serial manner for investigation at the Institute of Rheumatology
in Warsaw and the Department of Rheumatology and Clinical Immunology
at the Poznan University of Medical Sciences (Table 1).

One, 5, 10, 5, 3 and 1 patients were receiving prednisone in doses of 5,
7.5, 10, 15, 20, and 52 mg, respectively, per day. Sixteen patients were
receiving methylprednisone. Nine of these patients were also receiving
hydroxychloroquine. In order to reduce the effect of corticosteroid medica-
tion on our results, patients who were taking prednisone or methylpred-
nisone were asked not to take this medication for at least 24 h before blood
was drawn. The protocol of the study was approved by the Local Ethical
Committee of Poznan University of Medical Sciences. Written informed
consent was obtained from all participating subjects.

Disease activity for the patients with SLE was assessed using the SLE
Disease Activity Index (SLEDAI)20. The control group included 34 healthy
individuals (32 women and 2 men). The mean age of controls was 37.3 ±
10.6 years. Both patients and controls were of Polish Caucasian origin. To
reduce the effect of symptom misinterpretation by patients, we decided to
use SLEDAI ≥ 9 as the threshold for active disease.
Antibodies. Rabbit polyclonal anti-Fyn antibody (sc-16), goat anti-rabbit
horseradish peroxidase (HRP)-conjugated antibody, goat polyclonal anti-
CD70 antibody (C-20), donkey anti-goat horseradish peroxidase (HRP)-
conjugated antibody, and anti-actin HRP-conjugated antibody (clone I-19)
were provided by Santa Cruz Biotechnology (Santa Cruz, CA, USA).
CD4+ T cell isolation. Each patient and control provided a 10 ml blood
sample, collected into tubes containing EDTA. To isolate CD4+ cells from
whole peripheral blood, we employed the positive biomagnetic separation
technique using DETACHaBEADs® M-450 CD4, which were coated with

anti-CD4 monoclonal antibody (Dynal Biotech, Lake Success, NY, USA).
The purity of CD4+ cells was determined by flow cytometry analysis (n =
30). The content of CD4+ T cells was 94.6% ± 1.5%. Contaminating cell
populations included CD14+ cells (2.6% ± 1.5%) and gamma-delta T cells
(Vd2+ T cells), representing 1.2% ± 0.5%. Other cell subsets included
CD8+ T cells, B cells (CD19+), natural killer cells (CD56+), plasmacytoid
dendritic cells (CD123+ HLA DR+ CD14– CD19–), and myeloid dendrit-
ic cells (CD1c+ HLA DR+ CD14– CD19–), representing less than 0.8%.
Analysis of Fyn and CD70 transcript levels in CD4+ T cells. Total RNA
was isolated according to the method of Chomczynski and Sacchi21. RNA
integrity was confirmed by denaturing agarose gel electrophoresis, and the
concentration was quantified by measuring the optical density at 260 nm. 1
µg RNA samples were treated with DNase I, and reverse-transcribed into
cDNA using oligo-dT primers. Real-time quantitative polymerase chain
reaction (RQ-PCR) was conducted in a Light Cycler real-time PCR detec-
tion system (Roche Diagnostics GmbH, Mannheim, Germany) using
SYBR® Green I as detection dye, and target cDNA was quantified with the
relative quantification method using a calibrator. The calibrator was pre-
pared as a cDNA mix from all SLE and control samples, and consecutive
dilutions were used to create a standard curve as described in the Relative
Quantification Manual, Roche Diagnostics. For amplification, 2 µl of
cDNA solution was added to 18 µl of QuantiTect® SYBER® Green PCR
Master Mix (Qiagen GmbH, Hilden, Germany) and primers (Table 2). The
quantity of Fyn and CD70 transcripts in each sample was standardized by
human mitochondrial ribosomal protein L19. The Fyn and CD70 mRNA
levels were expressed as a multiplicity of these cDNA concentrations in the
calibrator.
Electrophoresis and analysis. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and Western blot analysis were done for Fyn
and CD70 protein contents in CD4+ T cells. CD4+ lymphocytes were lysed
in lysis buffer, and 10 µg of protein was resuspended in sample buffer. The
proteins were separated on 10% Tris-glycine gel using SDS-PAGE and
transferred to PVDF membrane. Immunodetection was performed with rab-
bit polyclonal anti-Fyn antibody, goat polyclonal anti-CD70 antibody, and
appropriate HRP-conjugated goat anti-rabbit antibody or HRP-conjugated
donkey anti-goat antibody. The membranes were reblotted with anti-actin
HRP-conjugated antibody to equalize protein loading of the lanes. To detect
the examined protein from the same blot membrane we used stripping
buffer. Bands were revealed using SuperSignal West Femto Maximum
Sensitivity Substrate (Pierce, Rockford, IL, USA). The quantities of
Western blot-detected Fyn, CD70, and ß-actin proteins were determined
based on the band for optical density. The band densitometry readings were
normalized to ß-actin loading control to calculate the Fyn or CD70 to ß-
actin optical density ratio.
Statistical analysis. Statistical analysis, including power calculation, was
conducted by StatSoft Inc. (2001). The Statistica data analysis software
system, version 6, was used. The significance of differences between
groups was determined using the nonparametric Mann-Whitney test.
Correlations between Fyn and CD70 expression and disease activity
expressed in the SLEDAI scale were assessed by Spearman analysis.

RESULTS
Fyn and CD70 transcript and protein levels in CD4+ T
cells. To compare Fyn and CD70 transcript and protein lev-
els in CD4+ T cells from patients with SLE and controls we
used RQ-PCR and Western blotting analysis. We observed
significantly higher levels of Fyn (p = 0.03) and CD70 (p =
0.029) transcripts in SLE CD4+ T cells than in controls
(Figures 1A and 1B, and Table 3). There was no significant
increase in Fyn protein content in SLE CD4+ T cells com-
pared to controls (p = 0.081; Figure 2A and Table 3).
However, in the group with high disease activity (SLEDAI
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Table 1. Demographic, organ involvement, and immunological findings of
patients with SLE.

Features No. of Patients

Total no. patients 41
Sex (female/male) 39/2
Mean (±SD) age at diagnosis (yrs) 38.3 ± 14.2
Central nervous system* 9/41
Vascular* 8/41
Renal* 17/41
Musculoskeletal* 12/41
Serosal* 8/41
Dermal* 14/41
Immunologic* 35/41
Constitutional (fever)* 17/41
Hematologic* 12/41
SLEDAI scores

0–5 14
6–10 10
11–15 3
> 16 14

* As defined by SLEDAI score index20. SLE: systemic lupus erythemato-
sus; SLEDAI: SLE Disease Activity Index.
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≥ 9), we observed a statistically higher level of Fyn protein
than in controls (p = 0.030; Figures 2B and 2D and Table 3).
The statistical power of the Fyn protein study for all patients
and patients with SLEDAI ≥ 9 amounted to 20% and 50%,
respectively. To obtain a power of 80% for all patients with
SLE we should increase the number of patients and controls
to 250 each. A power of 80% for patients with SLEDAI = 9
can be reached with 45 each of patients and controls.

We found significantly higher contents of CD70 protein
in CD4+ T cells from patients with SLE compared to
healthy controls (p < 0.0001; Figures 2C and 2D and Table
3). There was no correlation between Fyn and CD70 pro-
teins in SLE CD4+ T cells and disease activity expressed in
the SLEDAI scale (Figures 3A and 3B). We also did not
observe correlations between age, disease duration, drug
treatment, and Fyn and CD70 protein levels in SLE CD4+ T
cells (results not shown).

DISCUSSION
The skewed expression of genes encoding numerous pro-
teins responsible for defective function of CD4+ T cells has
been reported3-5. These proteins include signal molecules,
transcription factors, components of TCR/CD3 complex,
costimulatory proteins, and cytokines3-5.

CD70 belongs to the tumor necrosis factor (TNF) family
and is expressed on activated CD4+, CD8+ T cells, and B
cells14,22,23. The expression of CD70 is rapidly increased
following mitogenic stimulation or stimulation with TNF-α,
but CD70 is not expressed by unstimulated T cells14,22,23.
CD70 overexpression in CD4+ T cells leads to B cell cos-
timulation and immunoglobulin overproduction contribut-
ing to drug-induced and idiopathic lupus15,17. The CD4+ T
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Table 2. Oligonucleotide sequences used for RQ-PCR analysis.

Primer Sequence (5’–3’ direction) ENST number Product Size,
www.ensembl.org* bp

Fyn 5’ AGA TTG CTG ACT TCG GAT TG 3’ 368678 129
5’ CAG ACT TGA TTG TGA ACC TC 3’

CD70 5’ CTG CGG GCT GCT TTG GTC 3’ 245903 151
5’ GCT GAG GTC CTG TGT GAT TC 3’

MRPL19 5’ ACT TTA TAA TCC TCG GGT C 3’ 393909 171
5’ ACT TTC AGC TCA TTA ACA G 3’

* Internet. Accessed October 8, 2009. RQ-PCR: real-time quantitative polymerase chain reaction.

Figure 1. Fyn (A) and CD70 (B) transcript levels in CD4+ T cells from
patients with SLE and controls. The CD4+ T cells were isolated from
peripheral blood by positive biomagnetic separation technique, and imme-
diately used for RNA isolation and reverse-transcription; and cDNAs were
investigated by RQ-PCR relative quantification analysis. To normalize the
quantity of transcripts in each sample, Fyn and CD70 mRNA levels were
corrected to the amount of hMRLP19. The amounts of Fyn and CD70 mes-
senger RNA were expressed as the natural logarithm of multiplicity of
these cDNA copies in calibrator.
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cells from patients with active lupus exhibit reduced extra-
cellular signal-regulated kinase (ERK) pathway signaling,
decreased expression of DNA methyltransferase 1
(DNMT1), and DNA hypomethylation leading to CD70
overexpression15,17. Increased CD70 expression on the sur-
face of CD4+ T cells is also due to direct inhibition of
DNMT1 or ERK pathway, observed in patients with drug-
induced lupus15,17,24. These observations were further
proved by Sawalha and Jeffries, who observed that
decreased expression of DNMT1 correlated with DNA
hypomethylation and CD70 overexpression in CD4+ T cells
in MRL/lpr lupus-prone mice25.

We found significantly higher expression of CD70 pro-
tein levels in SLE CD4+ T cells than in healthy individuals.
However, we did not find a correlation between CD70 pro-
tein levels in SLE CD4+ T cells and disease activity. Our
findings are consistent with those of Han, et al, who demon-
strated a significant increase in the median of CD70+CD4+
T cell frequencies in patients with SLE compared to healthy
individuals16. They also did not observe a correlation
between CD70 expression in CD4+ T cells and SLE activi-
ty16. Oelke, et al indicated higher CD70 densities on sur-
faces of SLE CD4+ T cells than in controls15. However, they
observed that the increase in CD70 expression was directly
related to disease activity15. We also observed the effect of
enhanced expression of CD70, but not of Fyn, on the pro-
duction of IgG by autologous B cells (data not shown),
which was consistent with the findings of Oelke, et al15.

We found no significant increase in Fyn protein levels in
SLE CD4+ T cells compared to controls. However, in the
group with high disease activity (SLEDAI ≥ 9), we observed
statistically significant higher Fyn protein content than in
controls. Although Fyn levels were higher in patients with
active lupus (SLEDAI ≥ 9) than in controls, Fyn expression
did not directly correlate with disease activity. These obser-
vations suggest that increased Fyn or CD70 expression does
not perpetuate disease activity. An increased expression of
Fyn can be associated with anergy and decreased interleukin
2 (IL-2) biosynthesis in T cells26-28.

Takahashi, et al postulated that Fyn provided a signal for
both the expansion of autoreactive T cells and the biosyn-

thesis of anti-DNA antibody by B cells in MRL/lpr lupus-
prone mice13. They observed that Fyn-deficient MRL/lpr
mice exhibited significantly limited disease and lived longer
than Fyn-expressing MRL/lpr mice13. Blasini, et al found
that Fyn obtained from SLE peripheral blood T cells exhib-
ited elevated tyrosine kinase activity29. However, they
observed lower Fyn protein levels in SLE T cells than in
controls29. This discrepancy between findings from Blasini,
et al and our results may be due to differences in Fyn con-
tent between total peripheral T cells and the CD4+ T cell
subset from patients with SLE.

Fyn and Lck kinases are inhibited by phosphorylation of
their conserved C-terminal tyrosine residue, conducted by
Csk kinase30,31. Csk-binding protein (Cbp) is an adapter
protein that recruits Csk to lipid rafts localized in the plas-
ma membrane32. Davidson, et al showed that Fyn bound to
Cbp-Csk in glycolipid-enriched membrane rafts can stimu-
late calcium signals and enhance T-cell anergy, while these
effects were not seen in Fyn-deficient mice26. Filby, et al
demonstrated that the absence of Fyn in T cells enhances
production of IL-2 and leads to an increase in T cell prolif-
eration27. They reported that sustained Lck activation is
needed for cytokine production and T cell division, while
activation of Fyn kinase displays the opposite effect27.
These findings may suggest that an increase in Fyn protein
levels may partially support anergic properties and reduced
production of IL-2 exhibited by CD4+ T cells from patients
with SLE28,33.

We also observed significantly higher CD44, PP2A,
CREM, and Syk protein levels in CD4+ T cells from
patients with SLE compared to controls (data not shown),
which were consistent with previous findings34-37.
Moreover, we confirmed an increased expression of CD70
in SLE CD4+ T cells, and our findings suggest an associa-
tion between increased Fyn protein in CD4+ T cells and
high SLE disease activity. However, our results require con-
firmation in a significantly larger group of patients with SLE
in other populations.
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Table 3. Fyn and CD70 transcript and protein levels in CD4+ T cells from patients with SLE and controls.

SLE Controls
Median (range) Mean (± SD) Median (range) Mean (± SD) p†

Fyn 0.39 (0.01–3.78)* 0.87 ± 1.05* 0.25 (0.01–1.83)* 0.38 ± 0.46* 0.030*
1.06 (0.30–4.53)** 1.36 ± 0.95** 0.081**

0.98 (0.28–2.72)** 1.04 ± 0.60**
Fyn (SLEDAI ≥ 9) 1.32 (0.43–4.54)** 1.58 ± 1.00** 0.030**
CD70 0.36 (0.01–248.20)* 12.05 ± 42.83* 0.16 (0.04–1.21)* 0.27 ± 0.31* 0.029*

0.30 (ND–19.75)** 1.38 ± 3.58** 0.04 (ND–0.88)** 0.12 + 0.20** < 0.0001**

* Target mRNA levels were corrected to the amount of hMRLP19 cDNA and expressed as multiplicity of these
cDNA copies in calibrator. ** Amount of protein detected on Western blot presented as the Fyn or CD70 to
ß-actin band optical density ratio. † Mann-Whitney test. SLE: systemic lupus erythematosus; SLEDAI: SLE
Disease Activity Index; ND: not detected.
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and processing of figures.

REFERENCES
1. Sekigawa I, Naito T, Hira K, Mitsuishi K, Ogasawara H,

Hashimoto H, et al. Possible mechanisms of gender bias in SLE: a

new hypothesis involving a comparison of SLE with atopy. Lupus
2004;13:217-22.

2. Herrmann M, Winkler T, Gaipl U, Lorenz H, Geiler T, Kalden JR.
Etiopathogenesis of systemic lupus erythematosus. Int Arch Allergy
Immunol 2000;123:28-35.

3. Crispín JC, Tsokos GC. Novel molecular targets in the treatment of

5Kozlowska, et al: Signaling molecule expression in CD4+ T cells

Figure 2. Fyn (A, B) and CD70 (C) protein contents and representative Western blot analysis (D) in CD4+ T cells from controls and patients with SLE. CD4+
T cell proteins were separated using SDS-PAGE, transferred, and the membrane was immunoblotted with primary antibody and HRP-conjugated secondary
antibody. Membranes were reblotted with anti-ß-actin HRP-conjugated antibody to equalize protein loading of lanes. The amount of Fyn and CD70 proteins
detected by Western blot was presented as the natural logarithm of Fyn or CD70 to ß-actin band optical density ratio. Fyn protein contents in CD4+ T cells
from patients with SLE with high disease activity (SLEDAI ≥ 9) are shown in panel B.

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/


systemic lupus erythematosus. Autoimmun Rev 2008;7:256-61.
4. Jury EC, Kabouridis PS, Flores-Borja F, Mageed RA, Isenberg DA.

Altered lipid raft-associated signaling and ganglioside expression in
T lymphocytes from patients with systemic lupus erythematosus.
J Clin Invest 2004;113:1176-87.

5. Krishnan S, Farber DL, Tsokos GC. T cell rewiring in
differentiation and disease. J Immunol 2003;171:3325-31.

6. Stohl W, Metyas S, Tan SM, Cheema GS, Oamar B, Xu D, et al. B
lymphocyte stimulator overexpression in patients with systemic
lupus erythematosus: longitudinal observations. Arthritis Rheum
2003;48:3475-86.

7. Riemekasten G, Hahn BH. Key autoantigens in SLE.
Rheumatology 2005;44:975-82.

8. Bernard A, Coitot S, Bremont A, Bernard G. T and B cell
cooperation: a dance of life and death. Transplantation 2005;79
Suppl:8-11.

9. Nel AE. T-cell activation through the antigen receptor. Part 1:
signaling components, signaling pathways, and signal integration at
the T-cell antigen receptor synapse. J Allergy Clin Immunol
2002;109:758-70.

10. Krishnan S, Warke VG, Nambiar MP, Tsokos GC, Farber DL. The

FcR gamma subunit and Syk kinase replace the CD3 zeta-chain and
ZAP-70 kinase in the TCR signaling complex of human effector
CD4 T cells. J Immunol 2003;170:4189-95.

11. Clements JL, Boerth NJ, Lee JR, Koretzky GA. Integration of T
cell receptor-dependent signaling pathways by adapter proteins.
Annu Rev Immunol 1999;17:89-108.

12. Shaw AS, Dustin M. Making the T cell receptor go the distance: a
topological view of T cell activation. Immunity 1997;6:361-9.

13. Takahashi T, Yagi T, Kakinuma S, Kurokawa A, Okada T, Takatsu
K, et al. Suppression of autoimmune disease and of massive
lymphadenopathy in MRL/Mp-lpr/lpr mice lacking tyrosine kinase
Fyn (p59fyn). J Immunol 1997;159:2532-41.

14. Lens SM, Tesselaar K, van Oers MH, van Lier RA. Control of
lymphocyte function through CD27-CD70 interactions. Semin
Immunol 1998;10:491-9.

15. Oelke K, Lu Q, Richardson D, Wu A, Deng C, Hanash S, et al.
Overexpression of CD70 and overstimulation of IgG synthesis by
lupus T cells and T cells treated with DNA methylation inhibitors.
Arthritis Rheum 2004;50:1850-60.

16. Han BK, White AM, Dao KH, Karp DR, Wakelan EK, Davis LS.
Increased prevalence of activated CD70+CD4+ T cells in the
periphery of patients with systemic lupus erythematosus. Lupus
2005;14:598-606.

17. Gorelik G, Fang JY, Wu A, Sawalha AH, Richardson B. Impaired T
cell protein kinase C delta activation decreases ERK pathway
signaling in idiopathic and hydralazine-induced lupus. J Immunol
2007;179:5553-63.

18. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF,
et al. The 1982 revised criteria for the classification of systemic
lupus erythematosus. Arthritis Rheum 1982;25:1271-7.

19. Hochberg MC. Updating the American College of Rheumatology
revised criteria for the classification of systemic lupus
erythematosus [letter]. Arthritis Rheum 1997;40:1725.

20. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH.
Derivation of the SLEDAI. A disease activity index for lupus
patients. The Committee on Prognosis Studies in SLE. Arthritis
Rheum 1992;35:630-40.

21. Chomczynski P, Sacchi N. Single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal
Biochem 1987;162:156-9.

22. Kobata T, Agematsu K, Kameoka J, Schlossman SF, Morimoto C.
CD27 is a signal-transducing molecule involved in CD45RA+
naive T cell costimulation. J Immunol 1994;153:5422-32.

23. Wolf K, Schulz C, Riegger GA, Pfeifer M. Tumour necrosis
factor-induced CD70 and interleukin-7R mRNA expression in
BEAS-2B cells. Eur Respir J 2002;20:369-75.

24. Lu Q, Wu A, Richardson BC. Demethylation of the same promoter
sequence increases CD70 expression in lupus T cells and T cells
treated with lupus-inducing drugs. J Immunol 2005;174:6212-9.

25. Sawalha AH, Jeffries M. Defective DNA methylation and CD70
overexpression in CD4+ T cells in MRL/lpr lupus-prone mice. Eur
J Immunol 2007;37:1407-13.

26. Davidson D, Schraven B, Veillette A. PAG-associated FynT
regulates calcium signaling and promotes anergy in T lymphocytes.
Mol Cell Biol 2007;27:1960-73.

27. Filby A, Seddon B, Kleczkowska J, Salmond R, Tomlinson P,
Smida M. Fyn regulates the duration of TCR engagement needed
for commitment to effector function. J Immunol 2007;179:4635-44.

28. Linker-Israeli M, Bakke AC, Kitridou RC, Gendler S, Gillis S,
Horwitz DA. Defective production of interleukin 1 and interleukin
2 in patients with systemic lupus erythematosus (SLE). J Immunol
1983;130:2651-5.

29. Blasini AM, Brundula V, Paris M, Rivas L, Salazar S, Stekman IL,
et al. Protein tyrosine kinase activity in T lymphocytes from
patients with systemic lupus erythematosus. J Autoimmun

6 The Journal of Rheumatology 2010; 37:1; doi:10.3899/jrheum.090424

Figure 3. Correlation between Fyn (A) and CD70 (B) protein levels in
CD4+ T cells and clinical activity of SLE scored by SLEDAI20 scale was
assessed by Spearman analysis (correlation coefficient r). CD4+ T cell pro-
teins were separated using SDS-PAGE, transferred, and the membrane was
immunoblotted with primary antibody and HRP-conjugated secondary
antibody. Membranes were reblotted with anti-ß-actin HRP-conjugated
antibody to equalize protein loading of lanes. The amount of Fyn and
CD70 proteins detected by Western blot was presented as the natural loga-
rithm of Fyn or CD70 to ß-actin band optical density ratio.

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/


1998;11:387-93.
30. Okada M, Nada S, Yamanashi Y, Yamamoto T, Nakagawa H. CSK:

a protein-tyrosine kinase involved in regulation of Src family
kinases. J Biol Chem 1991;266:24249-52.

31. Chow LM, Fournel M, Davidson D, Veillette A. Negative
regulation of T-cell receptor signalling by tyrosine protein kinase
p50csk. Nature 1993;365:156-60.

32. Kawabuchi M, Satomi Y, Takao T, Shimonishi Y, Nada S, Nagai K,
et al. Transmembrane phosphoprotein Cbp regulates the activities
of Src-family tyrosine kinases. Nature 200;404:999-1003.

33. Theofilopoulos AN, Dixon FJ. Murine models of systemic lupus
erythematosus. Adv Immunol 1985;37:269-390.

34. Li Y, Harada T, Juang YT, Kyttaris VC, Wang Y, Zidanic M, et al.
Phosphorylated ERM is responsible for increased T cell

polarization, adhesion, and migration in patients with systemic
lupus erythematosus. J Immunol 2007;178:1938-47.

35. Katsiari CG, Kyttaris VC, Juang YT, Tsokos GC. Protein
phosphatase 2A is a negative regulator of IL-2 production in
patients with systemic lupus erythematosus. J Clin Invest
2005;115:3193-204.

36. Juang YT, Wang Y, Solomou EE, Li Y, Mawrin C, Tenbrock K, et
al. Systemic lupus erythematosus serum IgG increases CREM
binding to the IL-2 promoter and suppresses IL-2 production
through CaMKIV. J Clin Invest 2005;115:996-1005.

37. Krishnan S, Juang YT, Chowdhury B, Magilavy A, Fisher CU,
Nguyen H, et al. Differential expression and molecular associations
of Syk in systemic lupus erythematosus T cells. J Immunol
2008;181:8145-52.

7Kozlowska, et al: Signaling molecule expression in CD4+ T cells

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/

