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ABSTRACT
We determined the expression of Integ-
rin alpha L chain (ITGAL), Perforin 1 
(PRF1), and CD70 and studied the as-
sociations with laboratory and clinical 
parameters. CD4+ T cells were isolated 
from 35 SLE patients and 30 healthy 
controls. The transcript levels of IT-
GAL, PRF1, and CD70 were quanti-
fied by real-time reverse-transcription 
polymerase chain reaction (RT-PCR). 
The SLE patients had significantly 
elevated transcript levels of ITGAL 
(18.61±22.17 vs. 7.33±9.17, p=0.042), 
PRF1 (21.67±26.34 vs. 10.67±11.65, 
p=0.039), and CD70 (1.45±1.63 vs. 
0.67± 0.28, p=0.011). Patients with 
anti-microsomal and/or anti-thyroglob-
ulin antibodies showed high levels of 
ITGAL (33.41±30.14 vs. 13.58±16.43, 
p=0.044; and 34.01±27.66 vs. 
11.90±16.17, p=0.007, respectively). 
No association was seen either for the 
typical antibodies of SLE or for the dis-
ease activity. Although ITGAL, PRF1, 
and CD70 are overexpressed in SLE 
CD4+ T cells, their expression is not 
linked to the typical clinical and sero-
logical parameters associated with the 
disease. The role that ITGAL may play 
in autoimmune thyroiditis deserves fur-
ther investigation.

Introduction
An abnormal expression of different 
genes has been found in CD4+ T cells 
from patients with systemic lupus ery-
thematosus (SLE). One such gene is 
ITGAL, which encodes the integrin al-
pha L chain, a structural part of the lym-
phocyte function-associated antigen-1 
(LFA-1). LFA-1 plays a central role in 
leukocyte intercellular adhesion and it 
also functions in lymphocyte co-stim-
ulatory signalling. LFA-1 overexpres-
sion causes T-cell autoreactivity in vitro 
and a lupus-like disease in vivo (1, 2). 
Interestingly, DNA hypomethylation in 
SLE affects sequences flanking the IT-
GAL promoter (3) and an overexpres-
sion occurs on T cells from active SLE 
patients (4). Perforin 1 (PRF1) has also 
been identified as a gene whose tran-
scription is increased in CD4+ T cells 
from active SLE patients and it seems to 
be due to demethylation of a conserved 
region located between the promoter 

and upstream enhancer (5). This aber-
rant overexpression of PRF1 in CD4+ 
T cells may contribute to the killing of 
autologous monocytes/macrophages by 
T cells observed in SLE (4). 
The expression of some B-cell co-
stimulatory molecules on CD4+ T cells 
is also affected in SLE. This is the case 
of CD70. The CD70 gene encodes a 
member of the tumour necrosis factor 
(TNF) which regulates B-cell activa-
tion and immunoglobulin synthesis. 
The overexpression of CD70 found on 
T cells from patients with active SLE 
has been shown to overstimulate the 
production of IgG (6). 
In the present work, we carried out, for 
the first time, a study of the association 
of ITGAL, PRF1, and CD70 with the 
clinical features and laboratory para-
meters found in SLE patients.

Patients and methods
Patients
Data were collected from 35 Cauca-
sian individuals (7 men and 28 women; 
mean age: 34.54 yrs, range: 20–64 yrs) 
who suffered from SLE. An ethnically 
matched random healthy control popu-
lation (blood donors) was also includ-
ed in the study (n=30, 16 men and 14 
women; mean age: 36.93 yrs, range: 
21–66 yrs). Subjects’ written consent 
was obtained according to the Declara-
tion of Helsinki (7), and the design of 
the work conformed to standards cur-
rently applied in Spain. All the SLE pa-
tients fulfilled at least four of the Amer-
ican College of Rheumatology criteria 
(8). Complete medical histories were 
obtained and physical examinations 
and laboratory tests were conducted 
for patients at the time of sample with-
drawal. Laboratory parameters were 
evaluated as previously described (9). 
Clinical manifestations were defined 
according to the American Rheumatism 
Association glossary committee (10). A 
flare was defined as any clinical event 
directly attributable to disease activity 
that required a change in treatment. In 
fact, almost all our patients (n=31) were 
at flare at the time the blood sample was 
withdrawn. SLE activity was assessed 
by the SLE disease activity index (SLE-
DAI) (11) and those with a SLEDAI 
equal or above 6 were considered to 
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have active disease. All the serological 
variables and clinical features we were 
able to compile are detailed in Table I.

Methods
– Isolation of peripheral blood 
mononuclear cells (PBMCs) and 
CD4+ T cells
CD4+ T cells were isolated by negative 
selection as previously described (12). 
The purity of the enriched CD4+ T cells 
was evaluated by flow cytometry in a 
FACSCalibur flow cytometer (Beck-
ton & Dickinson, Mountain View, CA, 
USA) after incubating an aliquot of the 
cell fractions (5x104 cells) with 2 μL of 
an anti-CD4-FITC antibody (Miltenyi 
Biotec, Bergisch Gladbach, Germany) 
for 10 min at 4ºC. Purity of CD4+ T 
was generally higher than 90%.

– Real-Time quantitative-polymerase 
chain reaction (RT-PCR)
Reverse transcription reactions with 
RNA from CD4+ T cells were per-
formed as previously described (12). 
ITGAL, PRF1, and CD70 were quan-
tified by using Taqman Gene expres-
sion assays from Applied Biosystems 
(Cheshire, UK). Reactions for deter-
mining the expression of the gene of 
interest and β-actin (reference gene) 
were carried out as duplex PCRs on an 
ABI PRISM 7000 Sequence Detection 
System. Each assay included a stand-

ard curve for both genes. The standard 
curve was constructed with serial dilu-
tions of reverse transcription products 
corresponding to different concentra-
tions of total RNA from a reference 
cell line (Jurkat). Unknown sample ex-
pression levels were then determined 
from the standard curves and reported 
in equivalent quantity of total RNA 
from the reference cell line. Expression 
ratios between the gene of interest and 
β-actin were calculated.

Statistical analysis
Either the Mann-Whitney U-test or the 
independent samples t-test for equality 
of means (along with the Levene’s test 
for equality of variances) were used to 
compare values. Spearman’s rank cor-
relation was used to examine the rela-
tionship between two continuous vari-
ables. p-values less than 0.05 were con-
sidered significant. All analyses were 
performed with the Prism GraphPad 
5.0 software.

Results and discussion
Overexpression of ITGAL, PRF1, 
and CD70 in CD4+ lupus T cells
Gender was not relevant for the expres-
sion of ITGAL and PRF1 in the healthy 
controls and SLE patients. Only a ten-
dency towards showing a higher ex-
pression of CD70 in SLE women was 
observed (1.65±1.67 vs. 0.68±1.29, 

p=0.051). Oelke et al. and Kozlowska 
et al. (6, 13) included basically only 
women in their studies (13 out of 14, 
and 39 out of 41, respectively). Since 
in our work the mean levels of CD70 
for male SLE and controls were simi-
lar, we can not rule out the possibility 
that the overexpression of CD70 may 
be found only in female patients. 
Although no correlation was observed 
between age and the expression of the 
three genes in the SLE population, 
Spearman’s rank negative correlations 
coefficients were obtained with respect 
to ITGAL (r=-0.583, p=0.007) in the 
control group. An impaired ITGAL 
production may lead to the depressed 
lymphocyte response of immunosenes-
cence. Other T-cell markers have been 
reported to decrease with age (14). 
Nevertheless, it should be pointed out 
that Zhang et al. (15) found that ITGAL 
mRNA levels were higher in older sub-
jects. Their study included a group of 
middle-aged people (23–50 yrs) and 
comparisons were established with 
two other groups: newborns and indi-
viduals over 65 years of age. Thus, it 
is possible that the increase on ITGAL 
levels observed by these authors may 
be due to their comparisons being per-
formed considering elderly age groups. 
Furthermore, they evaluated the whole 
fraction of T cells, whereas we focused 
on CD4+ T cells. Consequently, it is 

Table I. Number (and percentage) of patients with a particular serological (A) and clinical feature (B). 

A. Serological findingsa

Anti-dsDNA Anti-RNP Anti-Sm Anti-SSA/Ro Anti-SSB/La aCL Lupus Anti- Anti-
      anticoagulant  microsomal thyroglobulin

30 (85.7%) 9 (27.3%) 8 (23.5%) 12 (35.3%) 4 (11.8%) 6 (18.2%) 3 (9.1%) 10 (34.5%) 11 (36.7%)

Low Lymphocyte Low C3 levels Low C4 levels Low CH50 Thrombocytopenia
count   activity 

22 (62.9%) 25 (73.5%) 22 (64.7%) 24 (70.6%) 7 (20%)

B. Clinical features and diseases’s status

Renal Arthritis Cutaneous Raynaud’s Pericarditis Pleuritis Haemolytic Neurologic Asymptomatic SLEDAI ≥6
   phenomenon   anaemia 

20 (57.1%) 31 (88.6%) 23 (65.7%) 10 (28.6%) 8 (22.9%) 11 (31.4%) 3 (8.6%) 5 (14.3%) 4 (11.4%) 24 (68.6%)

aHigh anti-dsDNA titers: >15 IU/ml; high anti-ribonucleoprotein (anti-RNP) titers: >12 U/mL; high anti-Smith (anti-Sm) titers: >12 U/mL ; high anti-SSA/
Ro titers: >12 U/mL; high anti-SSB/La titers: >12 U/mL; high anti-cardiolipin (aCL) IgG titers: >15 GPL/mL ; high anti-microsomal titers: >35 IU/mL; 
high anti-thyroglobulin titers: >40 IU/mL; low lymphocyte count: <1.2 x 109 cells/L; low complement C3 count: <85 mg/dL; low complement C4 count: 
<10 mg/dL; low CH50 activity: <34 U/ml; thrombocytopenia: <150 x 109 platelets/L.
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possible that other subsets of T lym-
phocytes might have accounted for the 
effect they observed. 
As seen in Figure 1, SLE patients had 
significantly elevated transcript levels 
of ITGAL (18.61±22.17 vs. 7.33±9.17, 
p=0.042), PRF1 (21.67±26.34 vs. 
10.67±11.65, p=0.039), and CD70 
(1.45±1.63 vs. 0.67±0.28, p=0.011). 
ITGAL could help to overstabilise the 
normally low affinity interaction be-
tween the T-cell receptor (TCR) and 
the Major Histocompatibility Complex 
MHC class II molecules (thus decreas-
ing the antigen threshold dose on the 
presenting cell for T-cell activation) and 
PRF1 would exert its cytolitic activity. 
It all would promote the overt apoptosis 
observed in these patients (16).

Laboratory parameters, clinical 
manifestations, disease’s activity, and 
treatment: associations with transcript 
levels of ITGAL, PRF1, and CD70
Patients were grouped according to the 
presence or absence of the antibodies 
shown in Table IA (see Supplementary 
File I for individual SLE patient infor-
mation). Since the overexpression of 
CD70 seems to be linked to an over-
stimulation of IgG synthesis mediated 
by lupus T cells in vitro (6), we thought 
that an association between the pres-
ence of SLE antibodies and the mean 
levels of CD70 could be established. 
We did not find such correlation for any 
of the antibodies but lupus anticoagu-
lant (LA). The three patients with lu-
pus anticoagulant (LA) showed higher 

transcript levels of CD70 than the thirty 
patients without LA (3.42±0.91 vs. 
1.22±1.61, p=0.037). Obviously, the 
sample number in this case is too small 
and conclusions are difficult to draw. 
As for ITGAL and PRF1, we found that 
transcript levels were not statistically 
different between those patients who 
tested positive for any of the character-
istic antibodies found in SLE patients 
and those who were negative. 
Interestingly, patients who presented 
anti-microsomal antibodies had higher 
transcript levels of ITGAL than those 
who did not test positive for these an-
tibodies (33.41±30.14 vs. 13.58±16.43, 
p=0.044). Furthermore, patients with 
anti-thyroglobulin antibodies also had 
higher levels of ITGAL than patients 
who were negative for these types of an-
tibodies (34.01±27.66 vs. 11.90±16.17, 
p=0.007) (see Fig. 2). Most of the pa-
tients (n=9) tested positive for both 
antibodies and 5 out of those 12 with 
any of these antibodies suffered from 
clinical hypothyroidism. LFA-1 plays 
a central role in leukocyte intercellular 
adhesion through interactions with its 
ligands, ICAMs 1–3. Follicular thyroid 
cells of autoimmune thyroiditis patients 
express ICAM-1 (17). Thus, an overex-
pression of ITGAL in CD4+ T cells may 
contribute to enhance their interaction 
with ICAM-1 which, in turn, could lead 
to gland destruction. Besides thyroid 
function impairment, it would trigger 
the formation of the above mentioned 
anti-thyroid autoantibodies. 

Fig. 1. Comparisons of transcript levels of ITGAL (A), PRF1 (B), and CD70 (C) in CD4+ T cells from healthy controls and SLE patients. Means are indicated 
as horizontal lines for each group. 

Fig. 2. Higher 
ITGAL transcript 
levels were de-
tected in SLE 
patients with 
anti-microsomal 
and anti-thy-
roglobulin anti-
bodies compared 
to those who test-
ed negative for 
these antibodies.
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As for the other serological and hae-
matological parameters, we must point 
out that similar transcript levels of the 
three genes were obtained when com-
parisons were established between 
those patients who had low lymphocyte 
counts, platelet counts, or complement 
levels, and those who had high levels 
(see Supplementary File II). 
Although almost all of our patients 
suffered from arthritis (and, hence, de-
rived statistical meanings must be con-
sidered with caution), it is worth men-
tioning that we found higher levels of 
mRNA ITGAL in patients with arthri-
tis than in those without such clinical 
manifestation. Thus, the mean levels 
of ITGAL when considering the pa-
tients with arthritis were 20.77±22.69, 
whereas those of the patients without 
this clinical feature were 1.88±0.82 
(p=0.007). Using murine models it 
has been demonstrated that LFA-1 is 
absolutely required for the develop-
ment of arthritis (18). Consequently, it 
seems logical to think that the increase 
of ITGAL observed on CD4+ T cells of 
subjects affected with SLE may help to 
induce arthritis by supporting the usual 
leukocyte infiltration of synovial fluid 
and tissues so characteristic of inflam-
matory arthritis.  
Patients with a SLEDAI <6 and pa-
tients with a SLEDAI ≥6 had similar 
levels of the three genes. Moreover, no 
correlations were found between the 
SLEDAI scores and the levels of any 
of them. Several reports have indicated 
that the expression of ITGAL, PRF1, 
and CD70 is usually correlated with 
disease activity (3, 5, 6). This discrep-
ancy may be due to the fact that we 
included more patients in our study. 
Actually, our results are in accord-
ance with those of Kozlowska et al. 
(13, 19), who also recruited a consid-
erable number of SLE patients (n=41) 
and did not find any correlation either 
between SLEDAI and CD70 or PRF1 
expression. In our opinion, it was the 
clinical status that marked the ten-
dency to show higher transcript levels 
of the genes, especially of ITGAL and 

PRF1. Accordingly, the four asymp-
tomatic patients (and therefore, truly 
inactive patients) included in our study 
showed lower ITGAL (2.24±0.82) and 
PRF1 levels (4.36±2.58) than those 
patients at flare (20.73±22.73 for IT-
GAL, p=0.013; 23.90±27.21 for PRF1, 
p=0.013).
Finally, no differences were observed 
between the 25 treated patients and the 
10 patients whose blood sample was 
withdrawn at disease onset (non-treat-
ed group). Previous reports have not 
found any association between drugs 
and the transcript levels of ITGAL, 
PRF1, and CD70 (3, 5, 6, 13). There-
fore, the changes in expression of the 
three genes are unlikely to be caused 
by medication.
Our investigation demonstrates that 
the expression of ITGAL, PRF1, and 
CD70 is upregulated in CD4+ T cells 
from SLE patients. Nevertheless, it is 
not linked to the typical clinical and 
serological parameters associated with 
the disease. The role that ITGAL may 
play in autoimmune thyroiditis de-
serves further investigation.  

References
  1. RICHARDSON B, POWERS D, HOOPER F, 

YUNG RL, O’ROURKE K: Lymphocyte func-
tion-associated antigen 1 overexpression and 
T cell autoreactivity. Arthritis Rheum 1994; 
37: 1363-72.

  2. YUNG R, POWERS D, JOHNSON K et al.: 
Mechanisms of drug-induced lupus. II. T 
cells overexpressing lymphocyte function-
associated antigen 1 become autoreactive and 
cause a lupus-like disease in syngeneic mice. 
J Clin Invest 1996; 97: 2866-71.

  3. LU Q, KAPLAN M, RAY D et al.: Demethyla-
tion of ITGAL (CD11a) regulatory sequenc-
es in systemic lupus erythematosus. Arthritis 
Rheum 2002; 46: 1282-91.

  4. RICHARDSON BC, STRAHLER JR, PIVI-
ROTTO TS et al.: Phenotypic and functional 
similarities between 5-azacytidine-treated T 
cells and a T cell subset in patients with ac-
tive systemic lupus erythematosus. Arthritis 
Rheum 1992; 35: 647-62.

  5. KAPLAN MJ, LU Q, WU A, ATTWOOD J, RICH-
ARDSON BC: Demethylation of promoter 
regulatory elements contributes to perforin 
overexpression in CD4+ lupus T cells. J Im-
munol 2004; 172: 3652-61. 

  6. OELKE K, LU Q, RICHARDSON D et al.:  
Overexpression of CD70 and overstimula-
tion of IgG synthesis by lupus T cells and T 

cells treated with DNA methylation inhibi-
tors. Arthritis Rheum 2004; 50: 1850-60.

  7. VOLLMANN J,  WINAU R: Informed consent 
in human experimentation before the Nurem-
berg code. BMJ 1996; 313: 1445-9.

  8. HOCHBERG MC: Updating the American 
College of Rheumatology revised criteria for 
the classification of systemic lupus erythe-
matosus. Arthritis Rheum 1997; 40: 1725.

  9. BUJÁN S, ORDI-ROS J, PAREDES J et al.:  
Contribution of the initial features of system-
ic lupus erythematosus to the clinical evolu-
tion and survival of a cohort of Mediterranean 
patients. Ann Rheum Dis 2003; 62: 859-65.

10. Bayport. ara. american rheumatology as-
sociation glossary committee: Dictionary 
of the rheumatic diseases: signs and symp-
toms, Contact Associates International Ltd, 
New York, 1982.

11. 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 Stud-
ies in SLE. Arthritis Rheum 1992; 35: 630-
40.

12. BALADA E, ORDI-ROS J, SERRANO-ACEDO 
S, MARTINEZ-LOSTAO L, ROSA-LEYVA M, 
VILARDELL-TARRES M: Transcript overex-
pression of the MBD2 and MBD4 genes in 
CD4+ T cells from systemic lupus erythemato-
sus patients. J Leukoc Biol 2007; 81: 1609-16.

13. KOZLOWSKA A, HRYCAJ P, LACKI JK,  JAG-
ODZINSKI PP: Fyn and CD70 expression in 
CD4+ T cells from patients with systemic 
lupus erythematosus. J Rheumatol 2010; 37: 
53-9.

14. KUDLACEK S, JAHANDIDEH-KAZEMPOUR 
S, GRANINGER W, WILLVONSEDER R,  PI-
ETSCHMANN P: Differential expression of 
various T cell surface markers in young and 
elderly subjects. Immunobiology 1995; 192: 
198-204.

15. ZHANG Z, DENG C, LU Q, RICHARDSON B: 
Age-dependent DNA methylation changes in 
the ITGAL (CD11a) promoter. Mech Ageing 
2002; 123: 1257-68.

16. SHOSHAN Y, SHAPIRA I, TOUBI E, FROLKIS 
I, YARON M, MEVORACH D: Accelerated 
Fas-mediated apoptosis of monocytes and 
maturing macrophages from patients with 
systemic lupus erythematosus: relevance to 
in vitro impairment of interaction with iC3b-
opsonized apoptotic cells. J Immunol 2001; 
167: 5963-9.

17. BAGNASCO M, PESCE GP, CARETTO A et 
al.: Follicular thyroid cells of autoimmune 
thyroiditis may coexpress ICAM-1 (CD54) 
and its natural ligand LFA-1 (CD11a/CD18).        
J Allergy Clin Immunol 1995; 95: 1036-43.

18. WATTS GM, BEURSKENS FJ, MARTIN-PADU-
RA I et al.: Manifestations of inflammatory 
arthritis are critically dependent on LFA-1.   
J Immunol 2005; 174: 3668-75. 

19. KOZLOWSKA A, HRYCAJ P, LACKI JK, JA-
GODZINSKI PP: Perforin level in CD4+ T cells 
from patients with systemic lupus erythema-
tosus. Rheumatol Int 2010; 30: 1627-33.


