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Background: Accelerated immunosenescence has been observed in
several autoimmune diseases, including systemic lupus
erythematosus (SLE). T cell senescence plays an essential role in the
destruction of organs in SLE patients. This study aimed to identify the
ability of immunosenescence markers to predict SLE disease activity.
Methods: Overall, 61 SLE patients and 60 healthy subjects were
enrolled in this cross-sectional study. The Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI) score assessed disease
activity. Senescence surface markers of CD4 and CD8 T lymphocytes
were measured by flow cytometry (CD4/CDS8 ratio, CD28"U!l, CD57,
CD45 isoforms [CD45RA and CD45R0], and KLRG1). Enzyme-linked
immunosorbent assay (ELISA) was used to measure the serum
cytokines (IFNy and IL-2) and cytomegalovirus (CMV) serology.
Complement and anti-dsDNA levels were also evaluated as the
comparator for predicting active disease in SLE. Logistic regression
models were used to identify the independent predictive factors for
active SLE status. Performance of the senescence markers in
predicting active disease in SLE was analyzed by receiver operating
characteristic (ROC) curve as the area under curve (AUC).

Results: SLE patients with active disease had significantly higher CD8*
cp28"ull cp8*CD57*, CD8*CD45RAY, CD8*CD45RO*, and CD8*KLRG1T*
percentages with lower CD4/CDS8 ratio than healthy subjects and SLE
patients with inactive disease. The highest AUC and sensitivity were
seen in CD8*CD28"! (AUC 0.801 [0.662-0.940], sensitivity 91.9%, cut
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off >6.85%) with comparable resultﬂ: serum complement and anti-
dsDNA in predicting active disease. Multivariate analysis showed that
CD4/CD8 ratio@DS*CDZS”U”, and C3 had significantly increased OR
for active SLE. Combination models of CD4/CD8 ratio, CD8*CD28"ul,
and C3 yielded the best results for predicting the active SLE (AUC
0.923 [0.848-0.997], sensitivity 81.2%, specificity 84.0%, LR+ 5.08 and
LR-0.22).

Conclusions: Our findings demonstrated that combining
immunosenes@ce markers, including CD4/CD8 ratio and
CD8+CD28null with C3 levels could increase the odds of predicting
active disease in SLE.
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senescence markers
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Introduction

Systemic lupus erythematosus (SLE) is a ¢ ic autoimmune disease with unclear mechanisms that primarily affect
worme children-bearing age. Although the pathogenesis of SLE is not well understood, several predisposing
factors are involved in the development of aberrant immune response in SLE, including genetic predisposition, geaer
and the environment.  Both innate and adaptive immune systems are involved in the pathogenesis of SLE, which leads
to the dysregulation of pro-inflammatory cytokines, autoantibody deposition, oxidative stress, and organs damage.”
Recent studies discovered that several autoimmune diseases possess some immune system abnormalities that resemble
the typical characteristics of immune dysfunction described in the elderly, called immunosenescence.”" A previous
systematic review demonstrates that the shortened telomere length occurs in SLE in relatively young palienls,i Chronic
autoantigen stimulation, oxidative stress, or increasing pro-inflammatory cytokines contribute to the replicative stress
that accelerates immunosenescence in several autoimmune diseases, including SLE."" These findings indicate that
patients with autoimmune diseases may have an accelerated immunosenescence, despite being young.

Agmglhe immune system is characterized by several T cell phe noly. and functions changes. Upon repealed
activation, T cells progressively downregulate CD28 expression leading lgle accumulation of CD28™" T cells.”
Moreover, the senemenl T cells also express some additional markers such as killer cell leclu'eqe receptor subfamily G
(KLRG-1) and CD57.” CD45 isoforms (CD45RA or CD45R0O) are also aging features in the immune system.
Terminally differentiated T cells have been described to re-express the CD45RA, while CD45RO can be found
abundantly on T cell central memory and effector memory that increases during aging.''"'” @8veral cytokines also can
be applied as descent markers Bmmunoaenev,e nce. Terminally differentiated T cells are capable of producing high
levels of interferon y (IFNy). ~ On the other hand, the level of interleukin 2 (IL-2) is progressively declined in elderly
people.”* Chronic infection, such as CMV, has also been associated with immunosenescence in several populations.
A systematic review showed that CMV seemed to enhance immunosenescence by inducing highly differentiated effector
memory and T cell effector memory re-expressing CD45RA (TEMRA) cells in CD4 and CDS pools.”

ge association between the senescence markers and disease activity in SLE has been described previously but still not
given any convincing results yet. Earlier studies indicate that an increasing number of T cell senescence +CD28null
correlates with SLICC/ACR damage index in SLE patients.'” Research bl garte-Gil et al. found that CD4*CD28™"
T cells predict the occurrence of new lung damage in SLE. Allerauon of effector memory T cells (CD45RO™ T cells)
was also associated with tissue injury in lupus nephritis."” Terminally differentiated effector memory T cells
(CCR7CD45RA") expand in SLE patients with higher disease activity. In addition, SLE patients with higher Systemic
Lupus Erythematosus Disease Activity Index (SLEDAI) scores also had a higher percentage of circulating CD4* T cells
with CD28™" phenotype.'” Althouglffhese senescence markers can be used as potential targets to predict the SLE disease
activity, not all senescence markers have been described in SLE patients. Based on these findings, inspecting several
senescence markers instead of only one marker at the same time also may increase the probability of predicting SLE
disease activity.

The study aimed to identify which senescence markers could be associated with the SLE diseas@ctivity. Once the
senescence markers were recognized, we would produce a m&l that showed the best performance Lo predict the active
disease in SLE. We analyzed several senescence markers on both CD4* and CD§" T cells compartments, including the
senescence surface markers, such as CD28, CD57, KLRG1, and CD45 isoforms (RA/RO); cytokines that associated with
aging (IFNy and IL-2); and IgG anti-CMYV antibody. We also compared the performance of the@@senescence markers
with complements and anti-dsDNA as the conventional biomarkers to predict the active disease ¥SLE.

Methods

Study population q

This research was a cross-sectional study held from January to November 2021. According tothe design ol this study, the
sample size calculation was done zmordmg to the formula foacw. sectional study with quantitative variable with the
following equation, sample size = (Z ¥ (SD)/ (dy" Z ) o value was the standardized value for the confidence
interval (CI). Because this study used 93% CI, the Z-score value was 1.96. The value of standard deviation (SD) and
dscore (m of error) was obtained and calculated from our previoucﬁldy that mentioned the SD of CD28™" T cells
that was 13 and the calculation of d score was 5.4 [Kalim, ef al., 2019]. Thus, the minimal sample size of this study was
21 subjects.

In order to minimize the selection bias, the study participants were recruited by simple random sampling. In the end, we
recruited 61 female SLE patients referred to the Rheumatology Clinic, Department of Internal Medicine, Saiful Anwar
General Hospital, Malang, Indonesia. Patients were approached to take part in this study by several methods, including
letter, phone, or direct oral approach in the clinics. Patients who agreed to participate in the study signed the written
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informed consent. All patients aged 18 to 45 years met the 2019 EULAR/ACR criteria for SLE.”" The exclusion criteria
for the subjects were SLE patients who were pregnant, had an active infection, or had a history of cancer.

All subjects were collected for the demographic data, clinical manifestations, laboratory tests, and past medical history
by the rheumatologist as the routine procedures in the clinics. To minimize the information bias, patients were assessed
by at least two rheumatologists in the clinic. Patients received standard treatment protocols according to the disease
severity. As the comparator, 60 healthy individuals were recruited with matched age, sex, and demographic data that were
approached by letters or phone. All healthy subjects were stated as “healthy™ by at least two doctors, to minimize the bias,
from the General Checkup Clinics of Saiful Anwar General Hospital, Malang, Indonesia after underwent clinical and
laboratory examinations as a special appointment for this study and did nothave any medical problems by history taking.

Ethical considerations 9
Subjects signed an informed consent form before undergoing the study, and Saiful Anwar General Hospital Ethical
Committee approved all protocols (Ethical Number 400/085/K.3/302/2020 issued on 23" March 2020).

Assessment of SLE disease activity

SLE disease activity was assessed using the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)-2K
score.”” The theumatologist evaluated the SLED AT score in the Rheumatology Clinics on each visit. The clinically active
disease was defined if the SLEDAI score was >4. In contrast, the clinically inactive disease or lupus low disease activity
(LLDAS) was characterized if the SLEDAI score was <4 with no activity in major organ systems (renal, central nervous
system (CNS), cardiopulmonary, vasculitis, fever) and no hemolytic anemia or gastrointestinal aclivily,“" The sera of
SLE patients were collected during visits and used to meas@ the C3, C4, and anti-dsDNA examinations. All the
laboratory examinations were done in the Central Laboratory Saiful Anwar General Hospital, Malang, Indonesia.

Serum cytokines examinations using enzyme-linked immunosorbent assay (ELISA)

veral cytokines were measured from the sera of SLE patients and healthy subjects, including IFNy and IL-2. The sera's
cytokine levels were measured using the ELISA kits from Biolegend (LEGEND MAX™ human IFNy ELISA kit
[Biolegend, Singapore, cat number 430107] and LEGEND MAX™ hu@fan IL-2 ELISA kit [Biolegend, Singapore, cat
number 430107]). Serum IgG CMV levels from both subjecfvere also measured using a human anti-CMV IgG ELISA
kit (Abcam, Singapore, cat number ab108724)89 examine the role of CMV infection in the development of immuno-
senescence in SLE patients. All the procedures were done according to the manufacturer’s protocols. In brief, this assay
employed the quantitative sandwich enzyme immunoassay technique. A polyclonal antibody specific for IENy, IL-2, or
CMV antigens has been precoated onto a microplate. Standards and samples are pipetted into the wells and the measured
antigens are bound by the immobilized antibody. After washing away any unbound substances, an enzyme-linked
polyclonal antibody is added to the wells. Following a wash to remove any unbound antibody-enzyme reagent, a substrate
solution is added to the wells and color develops in proportion to the amount of antigen-antibody bound in the initial step.
The color developnfigit is stopped and the intensity of the color is measured by the microplate reader (Stat Fax 303 Plus
microplate reader). The results of IFNy and IL-2 were measured in pg/ml while IgG anti-CMV was in IU/ml

Measurement of T cells senescence markers using flowcytometry

Several surface markers associated with the aging of T lymphocytes were measured from the peripheral blood
mononuclear cells (PBMC) of SLE patients and healthy subjects. All subjects had 10-15 cc of vein blood taken, then
PBMC were isolated from peripheral blood using Lymphoprep (Stemcell Technology, cat number NC0423266) by
centrifugation (Hettich model EBA 200) (1600 g for 30 minutes). The formed PBMC layer was taken slowly and
rewashed with ten cc phosphate buffer saline (PBS). The supernatant was discarded and centrifuged (Hettich model EBA
200) at room temperature (1200 g for 30 minutes).

The PBMC was stained with the following antibodies: APC/Cy7.7 anti-human CD3, FITC anti-human CD4, PerCP anti-
human CD8&, PE anti-humanCD28, PE anti-human CD57, PE @ti-human CD45RA, PE anti-human CD45RO, and
Alexa Fluor 488 anti-Human KLRGI. All kits were purchased from Biolegend, and the procedures were done as the
manufacturer ols. T cells (CD3" cells) senescence markers which measured were as follows: CD4/CDS8 ratio,
CD4*CD28™", CDS'CD28™", CD4'CD57', CD8'CD57%, CD4*CD45RA*, CD8'CD45RA*Y, CD4*CD4SROY,
CD8'CD45RO™, CD4*KLRG!", and CD8*KLRGI1". The percentages of the cells were guired with flow cytometry
(BD FACScalibur) and analyzed with BD Cell Quest Pro software version 6.0 for Mac. Measurements were made in
10.000 cells, and the results were obtained in the form of percentages (%) of cells.

tistical analysis
atistical analysis was performed using SPSS (IBM SPSS Statistics, RRID:SCR_019096) for Windows version 25.0.
Mean =+ standard deviation (SD) was used to describe normally distributed data, the median and interquartile range for
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skewed data, and frequencies of cate goric ta used the percentages. The Mann-Whitney test compared healthy subjects
with SLE patients and active with inactive patients if the data distribution was not normal. Instead, an unpaired t-test was
used if the datadistribution was normal. Chi-square or Fisher exact test analysis was used to compare two categorical data.
Recei perating characteristics (ROC) curves discriminated active from inactive SLE for each marker. The perfor-
mance ol the senescence markers in predicting the active disease in SLE was shown as the area under curve (AUC). AUC
value below (1.5 indicated an inferior model, AUC value more than (.5 mean that the model is no better at predicting an
outcome than random chance, AUC value over (.7 indicated a good model, values over (1.8 indf@lted a robust model and a
value of 1 means that the model perfectly pred#s the outcomes. The optimal cut-off value with the sensitivity, specificity,
and likelihood ratio (LR) also calculated. Logistic regression models were used to identify the independent predictive
factors for the active SLE status. The results were considered statistically significant if the p-value was <0.05.

Results

Characteris& of the study population -

A total of 61 patients and 60 healthy subjects were included in the analysis of this @fdy.” Study clinicians assessed
128 patients and 83 healthy subjects for eligibility (Figure 1). Healthy subjects were matched for age, race, and sex. Of
these, 47 SLE patients (36.7%) and 14 healthy participants (16.8%) did not fulfil the inclusion criteria, 11 patients (8.6%)
and four healthy subjects (4.8%) declined to participate. Amongst the enrolled patients and healthy subjects, nine SLE
patients (7.0%) and five healthy participants (6.0%) were excluded from the analysis because their records or examination
results did not complete and insufficient for being analyzed.

According to Table 1, all healthy subjects and SLE patients were women of child-bearing ages, and there was no statistical
difference of age between these two groups (p=0.108). SLE patients were categorized into active and inactive SLE based
on the SLEDAI-2K score. Among 61 subjects wi E, 18 patients (29.5%) were inactive, and 43 patients (70.5%) were
active. The median duration of the disease from 1nactive and active SLE patients was not slﬂ;lically different (48.0
vs. 44.0 months, respectively, p =(0.384). Age of onset from the first time diagnosed as SLE was also not statisti
different between these two groups (24.9 &+ 6.1 vs. 23.2 £ 5.6, for inactive and active SLE, respectively, p=0.282). The
an SLEDAI score from inactive SLE was 1.2 £ 1.0, while active SLE was 11.3 £ 8.1 (p = 0.000). The significant
iferences in clinical manifestations between inactive and e SLE were renal involverment, serositis, and vasculitis. In
total, 20 patients from the active groups showed symptoms ol lupus nephritis (p = 0.001), while ten patients from active
SLE groups had symptoms of vasculitis and serositis (p = 0£39). All patients from inactive and active SLE groups
received standard treatment based on their disease activity. There were no significant differences in the treatment
distribution from both groups (Table 1).

Comparison of senescence markers betweenﬂaalthy subjects and SLE patients

Before determining the possible senescence markers that could predict the disease activity in SLE, we analyzed the
comparison between these markers between healthy subjects and SLE patients to find which s@fscence markers
significantly changed in SLE populations. According to Tuble 2, we demonstrated that SLE patients had a significantly
lower CD4/CD8 ratio compared to healthy subjeclgl0.6 £ 0.2 vs. 1.5 £ 0.7, p < 0.001). Among all senescence markers
measured in the CD4 T cell population, CD28™", CD45R0, and KLRG 1 were significantly higher in SLE patients than
healthy subjects (p < 0.001 for all markers). On the other hand, all senescence markers from the CD8 T cell population,

5LE patients assessed for
eligibility (n = 128)

Excluded = 47
Did not fulfil the inclusion
and exclusion criteria

Healthy participants assessed
for eligibility (n = 83)

p—

}—.

Patients eligible
(n=81)

Excluded = 11
Declined participation

Excluded = 14
Did not fulfil the inclusion
and exclusion criteria

Participants eligible
(n=69)

—

j—

Patients enrolled
{n=70)

Excluded =9
Incomplete data record

Excluded = 4
Declined participation

Participants enrolled
(n=65)

|

|

Patients included in analysis
(n=61)

Excluded = 5
Incomplete data record

Participants included in analysis
(n=60)

Figure 1. Flowchart of the participants. SLE = systemic lupus erythematosus.
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ghle 1. Characteristics of subjects.

Parameter

Age (year)

Disease duration (months)
Age of onset (year)
SLEDAI score

Clinical manifestations, n (%)

- Neuropsychiatric

- Nephritis

- Vasculitis

- Arthritis

- Myositis

- Serositis

- Fever

- Thrombocytopenia

- Leukopenia

- Mucocutaneous

- Fatigue
Medications, n (%)

- Steroids

- Hydroxychloroquine

- Azathioprine

- Cyclophosphamide

- Mycophenolate mofetil

Healthy subjects
(n=60)

283+ 34

Inactive SLE
(n=18)

302+7.2
48.0(19.2-102.0)
24.9 + 6.1
1.2+1.0

01(0)
01(0)
01(0)
2(3.2)
01(0)
0(0.0)
01(0)
01(0)
4 (6.6)
6(9.8)
4 (6.6)

14 (22.9)
10(16.4)
4(6.5)
1(1.6)
1(1.6)

Legend: SLE: systemic lupus erythematosus; SLEDAL SLE disease activity index.

Active SLE
(n=43)

27.0+ 57
44.0(24.0 - 69.0)
23.2+ 5.6
11.3+ 8.1

6(9.8)
20(32.7)
10(16.3)
16(26.2)
1(1.6)
10(16.3)
2(3.2)
2(3.2)
11(18.0)
22(36.1)
20(32.7)

42 (68.8)
36(59.0)
18(29.5)
3(4.9)
8(13.1)

0.108
0.384
0.282
<0.001

0.124
0.001
0.039
0.082
0.091
0.039
0.391
0.391
0.965
0.432
0.334

0.094
0.638
0.387
0.895
0.225

Table 2. Comparison of the senescence markers between healthy individuals and patients with SLE.

Variables

CD4/CD8 ratio
CD4*CD28™! (96)
cD8*cD28™" (34)
CD4*CD57" (%)
CD8°CD57" (%)
CD4*CDA5SRA™ (%)
CD8*CDASRA” (%)
CD4*CD45RO™ (%)
CD8'CD45RO™ (%)
CD4"KLRG1™ (%)
CD8'KLRG1™ (%)
IFNy (pg/m)

1L2 (pg/ml)

IgG CMV (U/ml)

Healthy individuals
(n=60)

1.5+£07
1.5+02
7.5+47
1.2+ 09
23+20
11.6 + 6.4
9.7 +£53
26+14
22+1.7
0.1+ 0.1
0.3+01
7.1+£28
2283 £ 1325
1.6 £ 0.8

SLE patients

(n=61)

06+02
31+20
13.8+7.8
16+ 1.6
10.2+ 6.0
12.1+ 85
233+ 89
143+ 6.1
93+7.2
3.7+35
125+7.2
2217+ 1375
13.9+ 7.5
18+08

p

<0.001
<0.001
<0.001
0.129

<0.001
0.695

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.512

Legend: SLE: systemic lupus erythematosus; IFNy: interferon v IL2: intereukin-2; IgG CMV: immunoglobulin G eytomegalovirus.
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3

including CD28™", CD57, CD45RA, CD45RO0, and KLRG l.!ere significantly higher in SLE patients (p < 0.001 for
all markers ). E@hination of the cytokines level revealed that serum IFNy level @3s markedly higher in SLE patients
(221.7 £ 137@pg/ml vs. 7.1 = 2.8 pg/ml, p < 0.001). In contrast, a significantly lower IL-2 level was demonstrated in
SLE patients compared to healthy subjects (13.9 £+ 7.5 pg/ml vs. 228.3 £ 132.5 pg/ml, p < 0.001). We did not find
significant differences in IgG CMV levels between SLE patients and healthy subjects 0.512). According to Table 2,
markers that did not statistically differ between the healthy subjects and SLE patients were excluded for the subsequent
analysis.

Comparison of the senescence markers according to the SLE disease activity

In the next analysis, we compared the senescence markers between active and inactive SLE patients according to the
SLEDAI—QI?«:()re (Table 3). Our findings showed that among CD4 T cell senescence markers, none of them was
statistically different between active and inactive SLE patients. In contrast, all of senescence markers from CD8 T cell
populations were significantly higher in active patients compared to inactive patients with SLE, including cpag™"
(16.1 £ 7.4% vs. 8.4 & 5.9%, p= 0.001), CD57 (11.9 &£ 5.8% vs. 6.3 £ 4.6%, p = 0.001), CD45RA (25.0 £ 9.5% vs.
19.6 + 6.6%, p=0.043), CD45RO (11.1 £ 7.7% vs. 6.4 £ 4.6%, p=0.024), and KERG1 (14.6 £ 7.1% vs. 7.6 £ 4.7,
p < 0.001). Markedly lower of CD4/CD8 ratio was found in zpve SLE patients compared to the inactive patients
(0.6 £0.2 vs.0.7 £ 0.2, p=0.026). Significantly higher IFNy levels were demonstrated in SLE patients with active
disease activity (241.3 £ 153.4 pg/ml vs. 171.1 & 62.8 pg/ml, p = 0.043).

We also analyzed the Li—dsDNA, C3, and C4 serum levels as control markers, because those markers had been
established as standard markers to monitor the disease activity in SLE. The anti-dsDNA 1 was statistically higher in
SLE patients with active disease (138.9 &+ 88.4 IU/ml vs. 76.5 = 72.4 TU/ml, p= 0.043). On the other hand, C3 and C4
levels were statistically lower in active SLE patients than patients with inactive disease activity (p=0.015 and p =0.004,
respectively). All markers that did not statistically differ from the inactive SLE patients were excluded for the subsequent
analysis.

E:rformance of the senescence markers in predicting the active disease in SLE

The ROC curve analysis showing the AUC for each marker in predicting the SLE active disease is presented in Table 4.
C3, as the control marker, had the highest AUC value compared to other markers (AUC 0.844). As for the senescence
marker, CD8*CD28™" had the highest AUC compared to other senescence markers (AUC 0.801). The optimal cut-off
value with the sensitivity, specificity, and LR is shown in Table 4. CD8*CD28™" had the highest sensitivity (91.9%)
compared to other markers with the lowest negative likelihood ratio (LR- = 0.13) in the cut-off of >6.85%. The highest
specificity was possessed by C3 (75%) in the cut-off <0.6 g/l with the highest positive likelihood ratio (LR+) of 3.09.
The senescence markers from the CD8 T cell population, including CD28null, CD57, CD45RA, CD45RO, and KLRGI,
had higher sensitivity than anti-dsDNA, C3, or C4.

Table 3. Comparison of senescence markers between inactive and active disease among patients with SLE.

Variables Inactive Active p
(n=18) (n=43)

CD4/CD8 ratio 0.7+02 06+02 0.026
CD4*CD28™ ! (%) 1.4+14 36+23 0.301
cD8'cp28™! () 84459 16.1 4+ 7.4 0.001
CD8*CDS7" (%) 6.3+46 11.9+5.8 0.001
CD8*CD45RA" (%) 19.6 + 6.6 250+ 9.5 0.043
CD4"CD45RO™ (%) 12.3 £ 6.1 15.2+ 5.9 0.117
CD8*CD45RO" (%) 6.4+ 46 1MA1+7.7 0.024
CD4"KLRG1™ (%) 3.14+£29 404+ 3.8 0.552
CD8'KLRG1™ (%) 7.6+47 14.6 + 7.1 <0.001
IFNy (pg/ml) 1711 £ 62.8 241.3 + 1534 0.014
IL2 (pg/ml) 13.4 + 8.8 14.2 + 6.9 0.729
anti-dsDNA (IU/ml) 76.5 +72.4 138.9 + 884 0.043
C3 (g/l) 1141 04+02 0.015
C4 (g/l) 0.4+03 0.1+ 0.1 0.004

Legend: IFMy: interferon  IL2: interleukin-2 anti-dsDNA: anti-double stranded DNA.
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Table 4. Performance of the markers to predict active disease in patients with SLE.

Biomarker AUC 95% CI Cut off Sensitivity Specificity LR+ LR-

CD4/CDE ratio 0.718 0.562 - 0.873 <0.67 71.4% 71.4% 2.50 0.40
cpg*cp2g™! 0.801 0.662 - 0.940 >6.85% 91.9% 62.5% 2.45 0.13
CD8'CD57" 0.791 0.654 - 0.927 >6.82% 86.5% 68.8% 277 0.20
CD8 CD45RA™ 0.684 0.536 - 0.832 >18.65% 80% 50% 1.60 0.40
CD8"CD45R0O™ 0.701 0.548 - 0.854 =3.97% 91.7% 44.2% 1.64 0.19
CD8'KLRG1™ 0.783 0.660 - 0.906 >7.15% 89.7% 52.9% 1.90 0.19
IF My 0.664 0.516-0.813 >148.45 pg/ml 72.7% 58.8% 1.76 0.46
anti-dsDNA 0.742 0.573-0.912 >1001U/ml 57.6% 72.7% 2.1 0.58
3 0.844 0.747 - 0.942 <0.6 g/l 77.3% 75% 3.09 0.30
c4 0.799 0.681-0.918 <0.2 g/l 70.5% 76.5% 3.00 0.39

Legend: AUC: area under curve; CI: confidence interval; LR: likelihood ratio; IFNy: interferon ¢ anti-dsDMNA: anti-double stranded DNA.

The logistic regression models for the markers in predicting active disease of SLE

Univariate and multivariate analysis using the logistic regression for the markers to predict the active disease of SLE is
presented in Table 5. We used the cut-value from the prior ROC analysis to define the upper and lower value from the
ma:kn The univariate analysis yielded statistically significant OR for active SLE by the following markers: CD4/CDS
ratio, CD8*CD28™", CD8*CD57*, CD8*CD45RA*, CD8*CD45R0", CD8*KLRG1", IFNy, C3, and C4. curding to
the multivariate analysis, CD4/CDS ratio (OR 9.1 [95% CI 2.2 - 37.6],p=0.002), CD8*CD28™" (OR 25.5 [95% CI 5.1 -
128.2], p<0.001), and C3 (OR 17.9 [95% CI 2.1 — 155.2], p=0.006) had significant association with the active disease of
SLE from the participants.

Performance of the combined marker models In predicting the active disease of SLE

According to the multivariate analysis, we demonsirated that CD4/CD8 ratio, CD8*CD28™", and C3 yielded a
significant association with active disease of SLE in our subjects. Thus, our subsequent analysis was to observe the
performance of the combined model of these markers to predict the active disease of SLE. The ROC curve analysis of
the combined marker showing the AUC, sensitivity, specificity, and LR was presented in Table 6. OvefEll, using the
combined marker models had a better AUC value compared to the previous single marker in predicting the active disease
of SLE. The combination of T cell senescence markers, CD4/CDS ratio, and CD8*CD28™" had an AUC value of 0.859
with a sensitivity of 87.5% and specificity of 64.3%. The best AUC value was demonstrated from the combination
model of CD4/CD8 ratio, CD8*CD28™", and C3 (AUC 0.923) with sensitivity of 81.2% and specificity of 84.0%.
Our finding also showed that the sensitivity, specificity, and LR+ from the combination model from all three parameters
were higher than standard C3, C4, or anti-dsDNA as control markers for disease activity in SLE.

Table 5. Logistic regression analysis for the markers in predicting the active disease in patients with SLE.

Biomarkers ﬂ'liwariate analysis Multivariate analysis
OR (95% CI) p OR (95% CI) p

CD4/CD8 ratio (<0.67) 7.5(2.0 - 27.9) 0.001 9.1(2.2-376) 0.002
CD8"CD28™" (>6.85%) 25.1 (5.6 - 116.6) <0.001 25.5 (5.1 - 128.2) <0.001
CD8°CD57" (>6.82%) 14.3 (3.7 - 55.9) <0.001 5.2(0.1-201.9) 0.380
CD8*CD45RA™ (>18.65%) 47(1.4-16.4) 0.011 0.2(0.1-6.0) 0.322
CD8'CD45RO™ (>3.97%) 5.5 (1.5 - 20.9) 0.009 1.0(0.1-19.2) 0.994
CD8'KLRG1* (>7.15%) 11.3(2.8 - 45.7) <0.001 41.5(0.9 - 201.2) 0.060
IFNy (>148.45 pg/ml) 3.4(1.1-10.9) 0.034 7.4(0.9 -56.6) 0.059
anti-dsDNA (>100 IU/ml) 3.1(0.9-9.7) 0.053 1.8(0.5-6.9) 0.406
C3(<056 g/l) 28.0(3.9-231.3) <0.001 17.9 (2.1 - 155.2) 0.006
C4(<02 g/) 10.0 (1.22 - 83.04) 0012 46 (0.5-452) 0.192

Legend: OR: odd ratio; CI: confidence interval; IFNy: interferon y anti-dsDNA: anti-double stranded DNA.
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Table 6. Performance of the combined models to predict an active disease in patients with SLE.

Model AUC 95% CI Sensitivity Specificity LR+ LR-

CD4:CD8ratio and CD8"CD28™" 0.859  0738-05979  87.5% 64.3% 245 09

CD4:CD8ratio and C3 0.893 0.807-0.979 93.8% 64.3% 263 0.10

cp8'cp28™" and C3 0.884  0.786-0.983 94.1% 63.6% 259  0.09

CD4:CD8 ratio, CD8*CD28™", and C3 0.923 0.848 - 0.997 81.2% 84.0% 5.08 0.22
Discussion

Immunosenescence is a dynamic alteration of immune systems related to the aging process.”* Although immunosenes-
cence has been studied in all immune system cells, CD4 or CD8 T cell senescence is the primary immune aging
component associated with several pathologies.” Several markers that are associated with the T cell senescence have
already been reported, including the surface markers (CD28™! CD57, CD45 isoforms, or KLRGI) and cytokines
(IFNy or IL-2)." Although several immunosenescence markers have been discovered, not all of these markers are
exclusively studied in SLE. Our findings demonstrated significant changes in the T cell senescence markers in the SLE
patients compared to healthy individuals of simia age. We showed that all senescence markers from CD8 T cell surface
(CD28™", CD57, CD45 isoforms, and KLRG1) were significantly higher in the SLE patients; instead, only some surface
markers were elevated in the CD4 T cell populations (CD28™", CD45RO, and KLRG1). These findings suggested that
CDS8 T cells might be more susceptible to aging compared to the CD4 T cells in SLE.

Some evidence suggested that CD4 and CD8 T cells behave differently in response to aging. A previous study
showed that CD4 T cells might be a more stable cell type, with lesser susceptibility to age-dependent phenotypic and
functional change.”" In contrast, T cells were intrinsically more susceptible to phenotypic changes related to o
For instance, the rate of CD28loss in CD8 T cells was faster than in the CD4 T cells popu laIBs. A phenotypic shift ol the
central memory T cells was more pronounced in CD8 T cells than CD4 compartments.”’ In addition, senescent[ED8 T
cells reduced their apoptosis capability and diminished caspase 3 activity.”* This phenomen By would increase CD8 T
cells, whereas CD4 T cells were decreasing in aging populations, characterized by the inverse ratio of CD4/CD8 T cells.
Consistent with the previous study,” our results also showed an inverse ratio of CD4/CD8 T cells in SLE patients.

ge relationship between the disease activity and the aged CDS8 T cells in SLE might be because oﬁe ability to secrete
the pro-inflammatory cytokines, such as IFNy, which could worsen the inflammatory responses. The role IFN‘I-r for
disease activity and organ damages in SLE had been reviewed previously.” Ouff@halysis found that IFNy levels were
significantly her in SLE patients with active disease. Similar to our study, memory T cells (central and effector
memory) were capable of producing high levels of IFNy instead of other cytokines (TNFu, IL-4, or IL-5).” Expanded
CD§"CD57 subpopulation also correlated with the increase of IFNy levels in another study. !

Most studies emphasized the importance of chronic viral infection, such as CMV infection, in the progression of
immunosenescence during aging. The inflammatory response initiated by CMV can lead to the immune system
remodeling contributed to the aging process. " However, we showed that IgG CMV antibodies were similar in both
SLE patients and healthy subjects. These results might explain that there was no role of CMV infection in developing
immunosenescence in SLE.
4

Although some senescence markers were significantly higher in active SLE patients, head-to-head comparison
between the senescence markers with conventional markers (complement or anti-dsDNA) to predict the disease activity
in SLE was never described in the previous study. Our data demonstrated that CD§*CD28™" showed a higher sensitivity
with comparable AUC to predict the active SLE than complement or anti-dsDNA levels. Among the senescence markers
analyzed in this study, only CD4/CDS$ ratio and CD8*CD28™" had significantly increased OR from the multivariate
analysis. In addition, C3 levels also had an increased OR significantly from the multivariate analysis. Our study revealed
that using a combination of the senescence markers (CD4/CDS ratio and CD8*CD28™") with the C3 levels to predict the
active disease in SLE produced the highest result AUC with better sensitivity, specificity, and LR value compared to
single-use of the marker.

The CD4/CDS ratio and CD8*CD28™" were already d@®ribed in the previous study as immune risk profile (IRP). IRP
consisted of several laboratory markers: a low CD4/CD8 T-cell ratio, an expansion of CD8+CD28- T-cells, and
cytomegalovirus (CMV) ser?)silivily_ " In contrast to our present study, we did not find any association between
CMV seropositivity with the disease activity in SLE. The presence of IRP characterized by the low CD4/CDS8 ratio and
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expansion of CDS*CD28™" T cell in the elderly was associated with poor life expectan@and increased mortality or
morbidity. """ Unlike our study, Ugarte et al. demonsirated that, instead of CD8*CD28™"' T cells, CD4*@328™" T cells
predicted lung damage in S[a patients with hazard ratio (HR) 1.042."" Another siudy showed that terminally
B’ferenlialed CDS8 T cells were associated with renal pathology in patients with lupus nephritis.”” In addition, Winchester
etal. also showed that CD8 CD28™"' T cells were mainly found on the kidar tissue of lupus nephritis patients, indicating

the possible role in promoting tissue injury in lupus nephritis.” Despite that, the role of aged CDS8 T cells in non-renal
SLE manifestation was never described.

In our understanding, this is the first study that described the role of several immunosenescence markers in predicting the
active diseas@@f SLE. We also demonstrated that by combining the senescence and conventional markers could provide a
better value 1n predicting the active disease of SLE. In addition, SLE is a complex autoimmune disease with multiple
pathways of pathogenesis. Therefore, by understanding some other mechanisms that led to the disease progressivity in
SLE, we hope that this disease can be more preventable and curable in the future. However, there are still limitations in
this current study. We still could not explain the possible mechanism on how the T cell senescence might affect the disease
severity of SLE. A previous study demonstrated that the senescent T cells might affect the disease activity by secreting the
inflammatory cytokines.™ However, we did not demonstrate any association of IFNylith the disease activity in this
study. IFNy is an abundance cytokine produced by several cells, 9 only the senescent T cells. Therefore, it is not clear
that the rease of the IFNy in this study was solely caused by the senescent T cells. However, previous studies still
showed the role of pathogenic senescent T cells in promoting inflammation in certain conditions.” " Thus, we still
suspected that there might be other cytokines or molecules associated with the disease progression in SLE because of the
T cell senescence.

In conclusion, all analyses demonstrated that two senescence markers (CD4/CDS ratio and CD8*CD28™") predicted the
SLE disease activity with good sensitivity and specificity. Col ed with the conventional markers of C3 might better
predict the active disease of SLE. However @ik progressivity of disease activity in SLE is a dynamic process; therefore, a
longitudinal study over a long@8riod is still needed to convince the role of immunosenescence in the disease progression
of SLE. These findings may help to understand better the immunopathogenesis of SLE, and also, these senescence
markers may be potential targets as a diagnostic or prognostic marker or even as a marker to monitor the therapy.

Data availability
Underlying data
Figshare: Data. hiips
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