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Abstract
Objective

To determine whether the CD4+CD28null T-cells subpopulation predicts the occurrence of damage in SLE. 

Methods
This longitudinal study was conducted in consecutive SLE patients seen every six months in our Rheumatology 
Department since 2012. Patients in whom CD4+CD28null T-cells had been measured and who had at least one 

subsequent visit were included in the study. Survival analyses (univariable and multivariable Cox-regression models) 
were performed to determine the risk of overall and domain damage (as per the SLICC Damage Index - SDI) as a 

function of the frequency of this T-cell subpopulation. The multivariable model was adjusted for pertinent confounders. 
All analyses were performed using SPSS 21.0. 

Results
One hundred and nineteen patients were evaluated; their mean (SD) age was 43.5 (11.9) years, 113 (95.0%) were female. 

Disease duration was 7.8 (7.0) years, the SLEDAI 5.3 (4.1) and the SDI 1.0 (1.4). The percentage of CD4+CD28null 
T-cells was 17.4 (14.0). The mean follow-up was 2.1 (0.8) years, and the mean number of visits per patient 3.5 (1.1). 

Forty-six (38.7%) patients increase at least one SDI point. In the univariable and multivariable analyses, the percentage 
of CD4+CD28null predicted the occurrence of lung damage [HR: 1.042 (CI95%: 1.001–1.085); p=0.047 and HR: 1.099 

(CI95%1.020–1.184); p=0.013, respectively] but neither the total SDI score nor all other SDI domain scores were 
predicted by the percentage of CD4+CD28null cells. 

Conclusion
In SLE patients, CD4+CD28null T-cells predict the occurrence of new lung damage, independently of other risk factors 

but not of overall damage or damage on other domains.
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Introduction
CD4+CD28null T cells are a pro-in-
flammatory subgroup, expanded in sev-
eral chronic inflammatory diseases like 
autoimmune disorders, such as rheuma-
toid arthritis (RA) (1, 2), cardiovascu-
lar disorders (3), chronic kidney disease 
(4, 5) and some chronic viral infections 
like cytomegalovirus (CMV) (6). They 
have an increase capacity for producing 
pro-inflammatory cytokines like inter-
feron γ (IFN-γ), tumour necrosis fac-
tor α (TNF-α) and interleukin (IL) 2; 
they also express cytotoxic molecules 
like perforin and granzyme B, markers 
usually found in natural killer and cyto-
toxic T cells. Furthermore, they are less 
sensitive to regulatory T cells-induced 
apoptosis (7-9).
Given that systemic lupus erythema-
tosus (SLE) is a chronic autoimmune 
disease with an increased cardiovas-
cular risk, it would be expected to be 
associated with an expanded popula-
tion of CD4+CD28null T cells popula-
tion. Memory CD4+ CCR7- CD27- T 
cells are increased in SLE patients (10), 
and this subpopulation is also effector 
memory, like CD4+CD28null T-cells 
(11). Furthermore, in SLE patients, an-
other CD4+ T cell subpopulation, with 
proinflammatory characteristics that 
express natural killer group 2 mem-
ber D receptor (NKG2D) is increased 
(12); this subpopulation is also charac-
terised by the deficiency of CD28 and 
the secretion of perforin or Granzyme 
B supporting the idea of an increase of 
proinflammatory T-cells in SLE. Addi-
tionally, other proinflammatory T-cells 
subpopulations like double negative T 
cells or angiogenic T cells have been 
reported to be increased in SLE patients 
(13). We have previously reported the 
association between CD4+CD28null 
and higher global and renal domain 
scores on the Systemic Lupus Interna-
tional Collaborating Clinics/American 
College of Rheumatology Damage In-
dex (SDI) scores (14); however, wheth-
er these associations were the result of 
the presence of organ involvement rath-
er than predictive of their occurrence 
could not be determined because of the 
cross-sectional nature of the study. 
We have now examined whether this T 
cell subpopulation predicts overall and 

specific domains damage utilising data 
collected longitudinally.

Methods
Patients 
The Almenara Lupus Cohort was es-
tablished in January 2012; all SLE pa-
tients presenting to the Rheumatology 
Department of the Hospital Guillermo 
Almenara Irigoyen in Lima, Perú were 
invited to participate. The study had 
been approved by the Hospital’s Insti-
tutional Review Board. Details about 
the constitution of this cohort have 
been previously reported (14-16). In 
short, patients who signed the informed 
consent were recruited into this cohort 
and followed every six months with 
an interview, medical records review, 
physical examination and laboratory 
tests. For the purpose of these analy-
ses, we have included patients in whom 
CD4+CD28null T-cells had been meas-
ured between September 2013 and 
April 2014 and who had at least one 
subsequent visit. 
SLE was defined using the revised and 
updated ACR criteria (17). Variables 
were evaluated during the same visit in 
which CD4+CD28null cells were meas-
ured (interview, medical records re-
view, physical examination and labora-
tory tests) with the exception of damage 
which was evaluated in the subsequent 
visits. Demographic data included were 
gender, age at diagnosis, marital status, 
education level and socioeconomic sta-
tus. Socioeconomic status was defined 
using the Graffar’s method (18).
Clinical variables included were disease 
activity [ascertained with the SLE dis-
ease activity index (SLEDAI) (19), dis-
ease damage [ascertained with the SDI 
(20)], disease duration, age at diagno-
sis, comorbidities [ascertained with the 
Charlson comorbidity index (CCI), and 
excluding the point assigned to connec-
tive tissue disease (21)and others con-
sidered risk factors for the occurrence 
of cardiovascular morbidity such as hy-
pertension and dyslipidaemia]. 
Laboratory variables included were 
complete blood cell count, serum creati-
nine levels, liver tests, random glucose 
levels, lipid profile, protein and comple-
ment levels, coagulation tests, thyroid 
tests, prolactin levels, 24-hour urinary 
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protein, antiphospholipid and other 
autoantibodies [antinuclear antibody 
(ANA), anti-Ro, anti-La, anti-Sm, anti-
RNP, anti-histone and anti-dsDNA]. 
Therapeutic variables included were 
glucocorticoid, antimalarial and im-
munosuppressive drugs use. Glucocor-
ticoids were recorded as current pred-
nisone-daily dose and time of exposure 
to prednisone. Antimalarial and immu-
nosuppressive drug use was recorded 
as current, past or never.

Flow cytometry
EDTA-treated peripheral blood was 
processed using a lyse-wash-method. 
To examine the expression of CD4 
and CD28, peripheral blood cells were 
stained with peridinin chlorophyll 
protein complex anti-CD45, Alexa 
Fluor 647-labelled anti-CD4, and R-
phycoerythrin anti-CD28 were used to 
define CD4+CD28null subpopulation 
(all above reagents obtained from AbD 
Serotec, Oxford, UK). Acquisition and 
analyses were performed using the 
flow-cytometer FACS Calibur (BD, San 
Jose, CA, USA) and BD CELLQUEST 
TM Pro software (BD, San Jose, CA, 
USA). Negative controls consisted of 
staining with appropriate Ig isotype 
control anti-bodies. CD4+CD28null T 
cells were calculated as percentage of 
CD4+ T cells.

Statistical analyses
Categorical variables were summarised 
as frequencies and percentages while 
continuous variables are presented as 
means and standard deviation (SD).
Variables were evaluated during the 
same visit in which CD4+CD28null 
cells were measured (interview, medi-
cal records review, physical examina-
tion and laboratory tests) with the ex-
ception of damage which was evaluated 
in the subsequent visits.
Survival analyses using univariable and 
multivariable Cox-regression models 
were performed to determine the risk of 
overall and domains damage as a func-
tion of the frequency of this T-cell sub-
population. The multivariable model 
was adjusted for age at diagnosis, gen-
der, disease duration, socioeconomic 
status, SLEDAI, SDI, prednisone, anti-
malarial and immunosuppressive drugs 

use at the intake visit. As applicable, 
that is if this T-cell population predicted 
the risk of damage (overall or domain), 
a receiving operating curve was ob-
tained to determine the cut-off predic-
tive of damage. 
For the analysis of the renal domain, 
those patients with end-stage renal dis-
ease at baseline were excluded. For the 
analysis of the diabetes domain, those 
patients with diabetes at baseline were 
excluded, and for the analysis of prema-
ture gonadal failure, only premenopau-
sal patients were included.
All analyses were performed using 
SPSS 21.0.

Results 
One hundred and nineteen patients 
were evaluated; their mean (SD) age 
was 43.5 (11.9) years, 113 (95.0%) 
were female; all patients were Mestizo 
(mixed Caucasian and Amerindian an-
cestry). Socioeconomic level was low 
in 50 (42.0%), medium in 48 (40.3%) 
and high in 21 (17.6%) patients. Dis-
ease duration was 7.8 (7.0) years. The 
SLEDAI was 5.3 (4.1) and the SDI 1.0 
(1.4). Overall, these features were com-
parable to those of the entire cohort.
At baseline, the dose of prednisone was 
6.9 (5.1) mg/day and the total time of 
exposure to prednisone was 7.3 (6.8) 
years; 93 (78.2%) and 13 (10.9%) pa-
tients were current and former anti-
malarial users. Fifty-six (47.1%) and 
28 (23.5%) patients were current and 
former users of immunosuppressive 
drugs. The mean lymphocyte count was 
1499.76 (692.81), the mean CD4+ T-
cell count was 595.96 (357.97) and the 
mean CD4+CD28null T-cell count was 
105.11 (146.54) per mm3. The percent-
age of CD4+CD28null T-cells was 17.4 
(14.0). A representative flow cytometry 
dot plot is shown in Figure 1.
The mean follow-up was 2.1 (0.8) 
years, and the mean number of vis-
its per patient was 3.5 (1.1). Forty-six 
(38.7%) patients increase at least one 
point in the SDI. Domain increases are 
depicted in Table I.
Patients who accrued new lung dam-
age had a higher percentage of 
CD4+CD28null T-cells compared to 
those who did not [27.6 (13.6) vs. 16.8 
(13.9); 0.021; Fig. 2], but this percent-

age was lower in those who accrued 
new gonadal damage compared to those 
who did not [2.3 (2.1) vs. 17.3 (12.9); 
p=0.015]; however, no differences 
were observed for the other domains 
of the SDI as well as for the global 
SDI score. These data are depicted in 
Table II. Given the small number of 
events for the individual components 
of the lung domain individual analy-
ses for each one of them could not be 
performed: pulmonary hypertension 1 
patient (0.8%), shrinking lung 2 (1.7%) 
and interstitial lung disease 5 (4.2%).

Fig. 1. Expression of CD28 on CD4+ T cells to 
analyse percentage of CD4+CD28null
flow cytometry, using a mixture of monoclonal 
antibodies to CD28 and CD4 in one of the pa-
tients studied. The representative dot plots show 
the gates followed to obtain CD4+CD28 on lym-
phocytes. At least 20000 events were analysed 
for each sample.



1011Clinical and Experimental Rheumatology 2018

CD4+CD28null T-cells as predictors of damage / M. Ugarte-Gil et al.

In the univariable and multivari-
able analyses, the percentage of 
CD4+CD28null predicted the occur-
rence of lung damage [HR: 1.042 
(CI95%: 1.001–1.085); p=0.047 and 
HR: 1.099 (CI95%1.020–1.184); 
p=0.013, respectively] but that was not 
the case for the total and all other do-
main SDI scores (Table III). The corre-
sponding ROC provided an area under 
the curve of 0.761; the best cut-off for 
CD4+CD28null as predictor of lung 
damage was 20%, which had a sensitiv-
ity of 71.4% and a specificity of 72.3% 
(Fig. 3). Using this cut-off, HRs for the 
univariable and multivariable analyses 
were 5.38 (0.98–29.46); p=0.053 and 
135.02 (2.01–9064.52); p=0.022, re-
spectively.

Discussion
We have examined if CD4+CD28null 
subpopulation was predictive of dam-
age in a primarily Mestizo SLE cohort, 
and we have found it to be predictive 
of lung damage, after adjustment by 
other well-known predictors of dam-
age; however, that was not the case for 
the other domains or the total score of 
the SDI. A cut-off of 20% was obtained 
from the corresponding ROC. 
We have previously reported that these 
more differentiated effector memory 
cells are increased in SLE patients (10), 
and in particular in those patients who 
already have developed some damage 
(14); this subpopulation is increased 
after chronic stimulation, due either to 
a lower threshold for T-cell activation 

(22) or to a greater exposure to auto-an-
tigens(23). But if they are predictors of 
inflammation and subsequent damage 
or if they are consequence of both, has 
not been previously evaluated. 
The association between CD4+CD28null 
and lung involvement in SLE patients 
has not been previously reported. In 
primary lung disease, like bronchioli-
tis obliterans syndrome (BOS) (24), 
asthma (25), and chronic obstructive 
pulmonary disease (COPD) (26), how-
ever, the CD4+CD28null subpopulation 
is increased. And, CD28 down regula-
tion in CD4+ T-cells has been associated 
with an increased incidence of BOS and 
poor outcomes in a study of 65 patients 

from Pittsburgh after lung transplanta-
tion (27); furthermore, in a study from 
Australia of 20 BOS patients undergo-
ing lung transplant,  CD4+CD28null 
and CD8CD28null were increased com-
pared to 38 stable transplant patients 
and 10 healthy controls. An increased 
production of TNF-α, IFN-γ and IL-2 
(24) by these T cells subpopulations 
and resistance to the corticosteroids 
has also been shown. CD4+CD28null 
subpopulation have also been shown to 
predict a worse prognosis (either death 
or the need for lung transplantation) in 
89 predominantly Caucasian patients 
from Pittsburgh with idiopathic pulmo-
nary fibrosis (28). Additionally, the pro-

Table I. Patients with an increase in the damage 
score.

	 n	 (%)*

Global	 46	 (38.7)
Ocular	 9	 (7.6)
Neuropsychiatric	 21	 (17.6)
Renal	 6/116	 (5.2)
Lung	 7	 (5.9)
Cardiovascular	 2	 (1.7)
Peripheral vascular	 2	 (1.7)
Gastrointestinal	 4	 (3.4)
Musculoskeletal	 9	 (7.6)
Skin	 0	 (0.0)
Premature gonadal failure	 2/57	 (3.5)
Diabetes	 1/111	 (0.9)
Malignancy	 1	 (0.8)

*Percentage over 119 patients unless otherwise 
stated.

Fig. 2. Percentage of CD4+CD28null T cells according to the SDI. 
*Lines reflect 95% confidence interval. p=0.021.

Table II. Percentages of CD4+CD28null T-cells according the presence or absence of new 
damage.

	 No new damage	 New damage	 p-value

Global	 17.1	 (13.5)	 18.0	 (15.1)	 0.754
Ocular	 17.6	 (14.5)	 15.3	 (6.6)	 0.802
Neuropsychiatric	 17.5	 (13.5)	 17.4	 (16.7)	 0.794
Renal	 16.8	 (13.3)	 19.0	 (16.3)	 0.814
Lung	 16.8	 (13.9)	 27.6	 (13.6)	 0.021
Cardiovascular	 17.5	 (14.1)	 17.2	 (11.7)	 0.862
Peripheral vascular	 17.1	 (13.1)	 38.9	 (49.7)	 0.831
Gastrointestinal	 17.3	 (14.1)	 21.4	 (13.6)	 0.452
Musculoskeletal	 17.9	 (14.3)	 12.3	 (9.6)	 0.308
Premature gonadal failure	 17.3	 (12.9)	 2.3	 (2.1)	 0.015
Diabetes	 17.4	 (13.8)	 39.19		  0.216
Malignancy	 17.5	 (14.0)	 9.5		  0.689
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inflammatory profile of Natural Killer 
cells has been associated with a higher 
prevalence of interstitial lung disease 
and pulmonary hypertension in patients 
with systemic sclerosis (29) support-
ing the role of proinflammatory cells in 
lung disease.
The impact of this subpopulation in 
lung diseases is supposed to be due 
to the production of proinflammatory 
cytokines like IFN-γ or TNF- (25); 
these cytokines in turn would stimu-
late lung macrophages, leading to se-
cretion of matrix metalloproteinases 
and tissue destruction (30). In fact, 
CD4+CD28null subpopulation has been 

found to be increased in lungs of COPD 
patients, and these lung-resident cells 
shown a proliferative response after 
being stimulated with components of 
the extracellular matrix (26). Finally, 
CD4+CD28null T-cells  expressing of 
CD56, and CD56+ T-cells were found 
in lung infiltrates of patients with RA-
related interstitial lung disease (ILD), 
and CD4+CD56+CD28null subpopula-
tion was higher in those with extraar-
ticular RA than in those with only joint 
involvement (31). 
Taken together, the role of CD4+CD28 
null subpopulation in primary lung dis-
eases and in RA-related ILD there is 

enough evidence to support the role of 
this subpopulation in lung damage in 
SLE patients.
Our study has several limitations, first, 
as this is not an inception cohort, pa-
tients with severe disease succumbing 
to it could have not been part of it (im-
mortal bias). Second, due to the rela-
tively short follow-up after flow-cytom-
etry measurement, the impact of this 
subpopulation in other SDI domains 
may yet to be realised. Third, in order to 
determine the impact of this subpopula-
tion in other domains, a larger number 
of patients may be needed. Fourth, due 
to the fact that we ascertain pulmonary 
damage using the SDI, asymptomatic 
patients with pulmonary involvement 
may have  been missed/ likewise, we 
could  not  categorise the damage pre-
sent into mild, moderate or severe as 
the SDI only defines whether a mani-
festation is present or not. Fifth, indi-
vidual analyses for the different com-
ponents of the lung domain could not 
be performed due to the small number 
of events; further studies may also vali-
date the cut-off value we have obtained 
from the ROC. Nevertheless, we con-
sider important to report the predictive 
value of CD4+CD28null subpopulation 
for the accrual of damage, as these data 
may lead to studies of longer duration, 
and in other ethnicities and geographi-
cal regions; this will allow determining 
the real impact of immunosenescence 
in damage accrual. 
In conclusion, we describe, for first time, 
the possible role of CD4+CD28null T 
cells subpopulations as a predictor of 
new lung damage independently of age 
at diagnosis, gender, disease duration, so-
cioeconomic status, SLEDAI, SDI, use 
of prednisone, antimalarials and immu-
nosuppressive drugs at the intake visit. 
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