
The selective loss of SLAMF4+ CD8+ T cells contributes to the 
decreased cytotoxic cell activity in systemic lupus 
erythematosus

Katalin Kis-Toth1,¶, Denis Comte1, Maria P. Karampetsou1, Vasileios C. Kyttaris1, Lakshmi 
Kannan1, Cox Terhorst2, and George C. Tsokos1

1Department of Medicine, Division of Rheumatology, Beth Israel Deaconess Medical Center, 
Harvard Medical School, Boston, MA

2Division of Immunology, Beth Israel Deaconess Medical Center, Harvard Medical School, 
Boston, MA

Abstract

Objective—Engagement of signaling lymphocytic activation molecule family member 4 

(SLAMF4, CD244, 2B4) by its ligand SLAMF2 (CD48) modulates function and expansion of 

both NK cells and a subset of cytotoxic CD8+ T cells. As the cytotoxicity of CD8+ T lymphocytes 

isolated from systemic lupus erythematosus (SLE) patients is known to be impaired, we assess 

here whether expression and function of the checkpoint regulator SLAMF4 is altered on SLE 

CD8+ T cells.

Methods—Expression of SLAMF4 by healthy and SLE T cells was determined by Q-PCR and 

flow cytometry. T cells were activated with anti-CD3 antibody and degranulation activity was 

monitored by the surface expression of LAMP-1 (CD107a). The SLAMF4+ and SLAMF4− CD8 T 

cell subpopulations were characterized by LAMP-1, perforin and granzyme B expression and viral 

peptide-induced proliferation.

Results—SLAMF4 gene and surface protein expression is downregulated in CD8+ T cells from 

SLE patients as compared to cells obtained from healthy donors. Importantly, SLE patients have 

significantly fewer SLAMF4+ CD8+ T cells compared to healthy subjects. SLAMF4− CD8+ T 

cells from SLE patients have a decreased cytotoxic capacity and proliferative responses to viral 

peptides. The loss of memory SLAMF4+ CD8+ T cells in SLE patients is linked to the fact that 

they lose CD8 expression and become double negative T cells.

Conclusion—A selective loss of SLAMF4+ CD8+ T cells contributes to the compromised ability 

of SLE T cells to fight against infections.

Genetic, environmental as well as hormonal and immunoregulatory factors contribute to the 

pathogenesis and clinical manifestations of systemic lupus erythematosus (SLE) (1). CD4+ 

T cells are the main drivers of the B cell-dependent autoantibody response in lupus (2) and 

display molecular and biochemical abnormalities, which account for their aberrant function 
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(3). However, the role of CD8+ T cells in autoimmunity have been less well understood 

despite the fact that their cytotoxic function is known to be compromised for a long time and 

considered to contribute to the increased infection rates among patients with SLE (4–6).

The signaling lymphocytic activation molecule family member 4 (SLAMF4, CD244, 2B4) is 

expressed on the surface of human natural killer (NK) cells, γδ T cells, basophils, monocytes 

and a subset of effector memory CD8+ αβ T cells (7, 8). SLAMF4 is a type I trans-

membrane glycoprotein. The extracellular region of SLAMF4 is comprised of an N-terminal 

V-Ig and a C-terminal C2-Ig domain, whereas the cytoplasmic tail of SLAMF4 contains 4 

intracellular tyrosine switch motifs (ITSM). Although most SLAM family receptors engage 

in homotypic interactions, SLAMF4 interacts with high affinity with SLAMF2 (CD48). 

Upon SLAMF4-SLAMF2 interaction, the SLAM-associated protein (SAP, SH2D1A), a 

small Src homology 2-domain containing adaptor molecule, is recruited to the ITSMs in the 

cytoplasmic region of SLAMF4 and mediates downstream signaling (9, 10). Engagement of 

SLAMF4 can either promote or restrain NK and CD8+ T cell function (reviewed in (11)).

The expression of SLAMF4 on CD8+ T cells correlates with T cell activation, cytotoxic T 

lymphocyte differentiation and exhaustion (7, 12, 13). SLAMF4+ CD8+ T cells do not 

express CD62L, CD28 and CCR7 but they produce perforin, granzyme B and IFN-γ (7, 12, 

14). At the clinical level, SLAMF4 and the adapter protein SAP have been described 

increased in CD8+ T cells from HTLV-I-infected patients with neurologic manifestations 

(15). Expansion of cytotoxic CD8+ T cells has been documented in SLE patients in 

correlation with disease activity (16, 17). A splice variant of SLAMF4 has been reported to 

be preferentially expressed in peripheral blood mononuclear cells from patients with SLE 

(18). Moreover, a single nucleotide polymorphism of the SLAMF4 has been associated with 

the presence of renal and neuropsychiatric lupus manifestations (19). The percentage of 

SLAMF4-expressing NK cells and monocytes are reduced in patients with SLE compared to 

healthy controls (18, 20). Also, IL-7Rαlow memory CD8+ T cells have been reported to be 

increased in patients with SLE and to express higher levels of SLAMF4 compared with 

IL-7Rαhigh memory CD8+ T cells; engagement of SLAMF4 enhanced cytotoxic function of 

IL-7Rαlow EM CD8+ T cells against target cells (21).

We report here that SLE patients have significantly fewer SLAMF4+ CD8+ T cells 

compared to healthy donor T cells with decreased SAP expression and impaired cytotoxic 

activity. The selective loss of SLAMF4+ CD8+ T cells may explain the decreased cytotoxic 

cell responses in patients with SLE and the increased rate of infections.

Materials and methods

Human subjects, T cell isolation and treatment

Healthy donors and patients fulfilling the American College of Rheumatology-established 

criteria for the diagnosis of SLE were included. The disease activity was measured using the 

SLE Disease activity index (SLEDAI). The study was approved by the Institutional Review 

Board of Beth Israel Deaconess Medical Center. Peripheral blood mononuclear cells 

(PBMC) were isolated using gradient centrifugation. Total T cells were isolated by negative 

selection using the RosetteSep Kit (Stem Cell Technologies, Vancouver, Canada). T cell 
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purity was always ≥95%. CD8+ T cells were purified using the Human CD8 T Cell Isolation 

Kit from Miltenyi Biotec (Auburn, CA) according to the manufacturer’s instructions (purity 

≥93%). SLAMF4− and SLAMF4+ CD8+ T cells were sorted by Aria (BD Biosciences, San 

Jose, CA). Cells were cultured in RPMI medium (Life Technologies, Grand Island, NY) 

supplemented with 10% fetal bovine serum and antibiotics. Activation was achieved using 

immobilized anti-CD3 (0.5 µg/ml) and anti-CD28 (5 µg/ml) antibodies (both purchased from 

BioXcell). Viral peptide activation of CD8+ T cells used PBMCs incubated with was 

achieved by treating healthy and SLE PBMCs with a mix of CMV, EBV and influenza 

peptides (CEF) at 2 µg/ml final concentration (optimal dose was determined in preliminary 

experiments – data not shown) for 6 days in the presence of 50 U/ml IL-2 (PeproTech, 

Rocky Hill, NJ) and cell proliferation was determined measuring carboxyfluorescein 

succinimidyl ester (CFSE) dilution by flow cytometry.

Flow cytometry

The phenotype of T cell subpopulations was monitored by flow cytometric analysis using 

fluorochrome-conjugated antibodies against CCR7, CD45RA, SLAMF4, perforin, granzyme 

B, interferon γ as well as isotype-matched control antibodies (Biolegend, San Diego, CA). 

To check cell viability Zombie UV Fixable Viability Kit was used and the positive cells 

were excluded as dead (Biolegend). To quantify lytic granule exocytosis we used CD107a/

LAMP-1 staining (Biolegend). Surface expression of CD107a reflects the exocytosis of lytic 

granules. The proliferative capacity of CEF peptide mix-treated CD8+ T cells was monitored 

by CFSE dilution (Sigma Aldrich, St. Louis, MO). Fluorescence intensities were measured 

and analyzed by LSR II SORP flow cytometer (BD Biosciences Immunocytometry Systems, 

Franklin Lakes, NJ). Data analysis was performed using FlowJo version X.0.7 (Ashland, 

OR). Analysis and presentation of distributions was performed using SPICE version 5.1, 

downloaded from http://exon.niaid.nih.gov (22).

Real-time quantitative reverse transcriptase-polymerase chain reaction (Q-RT-PCR)

Total RNA was isolated from T cells by RNeasy Mini Kit (Qiagen, Valencia, CA). Reverse 

transcription was performed at 37 °C for 120 min from 100 ng total RNA using the High 

Capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA). Quantitative real-time 

PCRs for SLAMF4, SAP, perforin and granzyme B genes were performed (Light Cycler 

480, Roche, Indianapolis, IN) with 40 cycles at 94 °C for 12 sec and 60 °C for 60 sec using 

Taqman assays (Applied Biosystems). All PCR reactions were run in triplicates with a 

control reaction containing no RT enzyme. The comparative Ct method was used to quantify 

transcripts relative to the endogenous control gene large ribosomal protein.

Western blotting

Total protein was extracted from sorted SLAMF4− and SLAMF4+ T cells using RIPA buffer 

(Boston Bioproducts, Ashland, MA) supplemented with protease inhibitors (5 mM sodium 

fluoride, 4 mM sodium vanadate, aprotinin, leupeptin, 1 mM dithiothreitol and 1 mM 4-(2-

aminoethyl)benzenesulfonyl fluoride). Equal amounts of proteins (15 µg) were resolved on a 

4–12% Bis-Tris NuPAGE precast gel at 200 V for 1h and transferred to PVDF membrane at 

30 V for 2h, blocked in 5% non-fat milk in Tris-buffered saline with Tween 20 (TBS-T) for 

3h, incubated with primary anti-SAP or anti-β-Actin antibody (Santa Cruz, Dallas, TX) 
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overnight, washed three times with TBS-T, incubated with HRP-conjugated goat anti-mouse 

or goat anti-rat secondary antibody for 1h, washed three times with TBS-T buffer, incubated 

for 5 min with ECL reagent (GE Healthcare, Piscataway, NJ) and visualized by Fuji 

LAS-3000 scanner.

Statistical analysis

Paired Student one- and two-tailed t tests were used (* p≤0.05, ** p≤0.01, *** p≤0.005). For 

all experiments, the mean and the standard deviation (SD) are reported for at least n=3 

independent experiments. Statistical comparison among T cell subset distributions was 

performed using χ2 tests in SPICE 5.1.

Results

Patients with SLE display decreased levels of SLAMF4 and reduced percentage of 
SLAMF4+ CD8+ T cells compared to healthy donors

Total T cells were isolated from the peripheral blood of healthy subjects and patients with 

SLE and the SLAMF4 mRNA expression was measured by real-time quantitative PCR. SLE 

T cells expressed decreased levels of SLAMF4 mRNA compared to healthy T cells. 

Although there was a tendency towards lower SLAMF4 mRNA expression in T cells from 

patients with more severe (SLEDAI >4) as compared to patients with inactive (SLEDAI 0–

4) disease, the difference did not reach statistical significance (Figure 1A). SLAMF4 is 

mainly expressed on CD8+ T cells and the percentage of SLE CD8+ T cells expressing 

SLAMF4 molecules on their cell surface was significantly lower compared to healthy 

individuals, measured by flow cytometry (Figure 1B). The expression of SLAMF4 was 

assessed within each differentiated CD8+ T cells subsets i.e. naïve (CCR7+ CD45RA+), 

central memory (CCR7+ CD45RA−), effector memory (CCR7− CD45RA−) and terminally 

differentiated effector memory (CCR7− CD45RA+) populations. Central memory (CCR7+ 

CD45RA−) and effector memory (CCR7− CD45RA−) CD8+ T cell populations from SLE 

patients displayed significantly less SLAMF4 expression compared to controls (Figure 1C). 

Western blot analysis of SLAMF4− CD8+ cell lysates from normal donors revealed reduced 

SAP expression compared to lysates of SLAMF4+ CD8+ T cells (Figure 1D). Moreover, 

SLAMF4− CD8+ displayed less SAP mRNA expression compared to SLAMF4+ CD8+ T 

cells (Figure 1D).

With the exception of CD4− CD8− T cells, which are expanded in SLE patients, all CD4+ 

and CD8+ subset distribution was comparable between SLE patients and healthy subjects 

(Supplementary Figure 1). Interestingly, the SLAMF4− CD8+ T cell population was 

expanded in SLE patients compared to that of healthy controls (Figure 2A) resulting in 

decreased ratio of SLAMF4+:SLAMF4− CD8+ T cells in SLE favoring the SLAMF4− CD8+ 

subset (Figure 2B). The expression of SLAMF4 was enriched within the effector memory 

CD8+ T cells subset compared to the naïve population. Moreover, in SLE patients the 

SLAMF4− effector memory CD8+ T cell population was expanded compared to healthy 

controls (Figure 2C and D). Collectively, these results show that the effector memory CD8+ 

T cell population is phenotypically different in SLE patients than in healthy subjects, 

especially in terms of the absence or reduced expression of SLAMF4.
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SLAMF4 is a marker for CD8+ T cells with strong cytotoxic capacity

To prove that SLAMF4+ CD8+ T cells are more potent cytotoxic cells than their SLAMF4− 

counterparts we sorted these two populations from healthy donors and compared their 

degranulation capacity following activation with an anti-CD3 antibody. SLAMF4+ CD8+ T 

cells were able to significantly upregulate the LAMP-1 molecule on their cell surface after 

activation showing effective degranulation activity compared to SLAMF4− CD8+ T cells 

(Figure 3A). Gene expression of perforin and granzyme B was also evaluated in sorted 

SLAMF4+ and SLAMF4− CD8+ T cells in normal donors before and following stimulation 

with plate-bound anti-CD3 antibody. We conclude that isolated SLAMF4+ CD8+ T cells 

express significantly higher amounts of perforin and granzyme B compared to their 

SLAMF4− counterparts (Figure 3B and C), as suggested previously (12, 23).

Upon activation SLE CD8+ T cells degranulate at a decreased rate and their effector 
memory sub-population contains fewer perforin-granzyme B double positive cells

Based on the observed differences in the ratios of SLAMF4+ and SLAMF4− CD8+ T cell 

populations of healthy and SLE patients in the next set of experiments we characterized 

these cells functionally. Degranulation of purified CD8+ T cells from patients with SLE and 

normal donors was investigated following stimulation with anti-CD3 antibody and the cell 

surface expression of LAMP-1 molecules was measured by flow cytometry. Following anti-

CD3-mediated stimulation, the percentage of SLE CD8+ T cells that upregulated cell-

surface LAMP-1 was significantly lower compared to normal CD8+ T cells, indicating that 

degranulation activity is defective in patients with SLE (Figure 4A).

Next we compared the SLAMF4+ and SLAMF4− CD8+ effector memory populations 

isolated from control and SLE individuals and found that SLAMF4+ effector memory cells 

produced more granzyme B and perforin compared to SLAMF4− cells. Among the 

SLAMF4+ subsets more cells were able to produce both perforin and granzyme B from 

healthy donors while SLE T cells showed higher percentage of granzyme B single positive 

staining (Figure 4B and Supplementary Figure 3). The data suggests that defects in 

cytotoxicity observed in SLE may be at least partly explained by the altered ratio of 

SLAMF4+/SLAMF4− CD8+ effector/memory T cells, favoring the presence of SLAMF4− 

cells with decreased killing capacity.

SLE CD8+ T cells respond poorly to viral peptides

We next determined the ability of SLE CD8+ cells to respond to viral peptides. To this end 

we used a viral peptide mix (CMV, EBV and influenza – CEF) to activate healthy and SLE 

PBMCs. After 6 days of activation the proliferation of CFSE-labeled total PBMCs and 

CD8+ T cells was tested by flow cytometry. CEF-stimulated PBMCs displayed an increased 

SLAMF4−/SLAMF4+ CD8+ T cell ratio compared to the dissolvent control-treated PBMCs 

(Figure 5A). Healthy CEF-treated cells proliferated at higher rates compared to SLE cells as 

judged by the CFSE dilution of total PBMCs (Figure 5A and C) and of SLAMF4− and 

SLAMF4+ CD8+ T cells (Figure 5B and D). Only SLAMF4+ CD8+ T cells, but not the 

SLAMF4− counterparts, were able to proliferate effectively upon CEF treatment (Figure 5B 

and D). In contrast, when anti-CD3 treatment was used to activate healthy and SLE T cells, 

both the total and the SLAMF4−/SLAMF4+ CD8+ T cell populations proliferated effectively 
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showing that SLE patients fail to activate their virus-specific CD8+ T cell populations but 

they can respond well to non-specific T cell activation (Supplementary Figure 2). These 

results further support the concept that the selective loss of SLAMF4+ CD8+ T cells in SLE 

might be the one of the reasons for the elevated infection rates in this condition.

SLAMF4+ CD8+ T cells are more likely become double negative T cells

Human CD4 CD8 double negative T cells can derive from activated CD8+ T cells (24). In 

the effort to find an explanation for the selective loss of SLAMF4+ CD8+ T cells in SLE we 

activated sorted cells obtained from normal donors with anti-CD3 and anti-CD28 antibodies 

for 5 days and measured the percentage of double negative cells (24). SLAMF4+ CD8+ T 

cells were more likely become double negative cells spontaneously as well as upon 

activation compared to SLAMF4− T cells (Figure 6A). Also, the percentage of CD8bright 

cells in the SLAMF4+ population decreased and the percentage of CD8dim cells increased 

compared to SLAMF4− cells, showing the ongoing process of losing CD8 molecule 

expression (Figure 6B and C). Moreover, the cell viability was significantly decreased in the 

SLAMF4+ population upon activation (Figure 6D). Collectively these results show that 

SLAMF4+ CD8+ T cells are more exposed to change their phenotype and/or less viable after 

activation.

Discussion

CD8+ T cells are able to promote or prevent autoimmune diseases (reviewed in (25)). The 

role of CD8+ T cells in SLE has not been well characterized despite the fact that cytotoxic 

cell responses have been invariably reported to be defective (4, 26, 27).

We have presented evidence that central memory and effector memory CD8+ T cells from 

SLE patients have reduced expression of the receptor SLAMF4 and defective cytotoxic 

granule exocytosis. Importantly, the response of SLAMF4+ CD8+ T cells was decreased 

compared to that of control cells and because this subset is compromised and the non-

responding SLAMF4− CD8+ subset is expanded, the overall cytotoxic response of CD8+ T 

cells in SLE is bound to be limited.

Kim et al. assessed the expression of SLAMF4 in a CD8+ T cell subpopulation defined as 

CCR7− IL-7Rαlow and found it increased in SLE patients (21). They did not distinguish the 

CD45RA+ effector memory and CD45RA− terminally differentiated effector memory 

populations among the CD8+ CCR7− T cells. In comparison, in the present study we 

assessed the expression of SLAMF4 in all differentiated subsets of CD8+ T cells (shown in 

Figure 1C): naïve (CD45RA+, CCR7+), central memory (CD45RA−, CCR7+), effector 

memory (CD45RA−, CCR7−) and terminally differentiated effector memory (CD45RA+, 

CCR7−), without considering the expression of IL-7Rα. We found decreased expression of 

SLAMF4 in the CD45RA− CCR7− population in SLE patients compared to healthy controls. 

The discrepancy in SLAMF4 expression between SLE patients and controls may be 

explained by the consideration of two different CD8+ T cell subpopulations (Kim et al: 

CD8+, CCR7−, IL7Rαlow; our study: CD8+, CD45RA−, CCR7−).
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This study brings forward another interesting point, which is the decreased response to a 

mixture of three foreign viral antigen-defined peptides (CMV, EBV and influenza). SLE 

patients are more susceptible to viral infections (14, 28) and EBV viral load is reportedly 

elevated in patients with SLE (27, 29). Viral antigen-specific responses are also decreased in 

lupus-prone mice (30). These observations support the possibility of decreased cytotoxic T 

cell functions in SLE. The capacity of EBV-specific CD8+ T cells to secrete IFNγ is reduced 

in SLE patients compared to healthy individuals (27, 31, 32) and CD8+ T cells have 

impaired capacity to degranulate cytotoxic granules (32).

SLAMF4 - SLAMF2 interaction can mediate both activating and inhibitory signals 

depending on the cell type, i.e. human vs. mouse NK cells, and setting, e.g. during viral 

infection. Upon ligand binding SLAMF4 may serve as a co-stimulatory molecule promoting 

NK and CD8+ T cell functions such as proliferation, cytokine production and degranulation 

(12, 15, 33–37). However, other studies have also reported an inhibitory role of SLAMF4, 

suggesting that this molecule may have a dual checkpoint function (38, 39). More recently, 

SLAMF4 is characterized as an exhaustion/inhibitory molecule on virus-specific CD8+ T 

cells (40, 41). Chronic antigen stimulation can quickly and selectively eliminate memory but 

not naïve CD8+ T cells by blocking cell proliferation as well as modulating inhibitory 

receptor expression and reliance on help from CD4+ T cells (42). It has been reported that 

signaling via SLAMF4 controls the expansion of cytotoxic CD8αβ+ intraepithelial T 

lymphocytes in mice (43). Data from SLAMF4-deficient mice have also shown that 

SLAMF4 is an important inhibitor of NK cell cytotoxic functions (44) and it has an NK cell-

independent negative regulatory role in lupus pathogenesis (45). Based on these information 

and our findings (Figure 3) SLAMF4 expression marks cells with effective cytotoxic 

capabilities and may serve as a built-in negative feedback mechanism on these potentially 

harmful cells.

It is not clear why SLE patients have less SLAMF4-expressing CD8+ T cells and/or loose 

SLAMF4 from their surface. The expression of surface molecules on SLE T cells is 

controlled at many levels (46) and it is quite possible that SLAMF4 is decreased because of 

limited transcription or because it is degraded faster. Moreover, a rapid downregulation of 

SLAMF4 cell surface expression on CD8+ T cells has been reported upon simultaneous 

signaling via both T cell receptor and SLAMF4 (47). The presence of persistent 

(auto)antigen challenge of CD8+ memory T cells in SLE also can contribute to the selective 

loss of this SLAMF4+ population (42). Although these possibilities were not addressed in 

this study, we found that upon stimulation, SLAMF4+ CD8+ T cells have an increased 

propensity to loose CD8 from their surface and become CD3+ CD4− CD8− double negative 

cells. We have shown before that this process accounts for the expansion of DN in SLE 

patients (24, 48). Finally, it is possible that SLE patients have anti-SLAMF4 antibodies that 

engage and down-regulate its surface expression. Previously, it was shown that stimulation 

of human NK cells with an anti-SLAMF4 antibody led to a downregulation of surface 

SLAMF4 by reducing the activity of its promoter and by promoting its internalization (49, 

50).

In conclusion, here we present cellular abnormalities in CD8+ SLE T cells that involve the 

loss of SLAMF4+ population and/or downregulation of SLAMF4 from the surface and 
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suppression of their ability to respond to antigenic stimulation. Our findings advance the 

understanding of the cell pathways, which account for decreased cytotoxic cell activity in 

SLE patients and the increased susceptibility to infections.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. SLE T cells have decreased expression of SLAMF4 and the SLAM adaptor molecule 
SAP
mRNA levels of SLAMF4 in total T cells of controls and SLE patients measured by Q-PCR 

(A). Cell surface protein expression of SLAMF4 on different subpopulations of CD4+ and 

CD8+ T cells in controls vs. SLE patients measured by flow cytometry showing a significant 

decrease in SLAMF4+ CD8+ T cells in SLE (B, C) (n=10 controls and 10 SLE samples; 

gated on total T cells; CM: central memory, EM: effector memory, TDEM: terminally 

differentiated effector memory T cells). Western blot (one representative example) and gene 
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expression (n=3) of sorted SLAMF4− and SLAMF4+ CD8+ T cells show significant 

downregulation of SAP levels in SLAMF4− T cells (D).
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Figure 2. SLE CD8+ T cells have an altered SLAMF4+:SLAMF4− ratio favoring SLAMF4− 

CD8+ T cells
Flow cytometry analysis (A) and ratio calculations (B) of SLAMF4 expression showing a 

significant decrease of SLAMF4+ CD8+ and a parallel upregulation of SLAMF4− CD8+ T 

cells in SLE T cells compared to normal controls (n=10 controls and 10 SLE samples; gated 

on total T cells). SLAMF4 expression of control and SLE effector/memory CD8+ T cells in 

one characteristic experiment (C) and cumulative ratio calculation from 10 sample pairs (D) 

(gated on CD8+ effector memory T cells).
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Figure 3. SLAMF4 marks CD8+ T cells with effective cytotoxic capacity
Sorted SLAMF4+ and SLAMF4− CD8+ T cells were activated by anti-CD3 antibody for 2h 

and degranulation was measured by the expression of LAMP-1. SLAMF4+ CD8+ T cells 

degranulate more effectively compared to the SLAMF4− counterparts (A) (gated on CD8+ T 

cells). SLAMF4+ CD8+ T cells express more perforin and granzyme B genes compared to 

the SLAMF4− population after 6h of anti-CD3 antibody activation, providing effective 

cytotoxic machinery (B, C). n=3.
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Figure 4. SLE T cells show less degranulation upon activation and SLE SLAMF4+ CD8+ effector 
memory T cell pool has decreased amounts of perforin/granzyme B double positive population
Control and SLE CD8+ T cells were activated with anti-CD3 antibody for 2h and 

degranulation was measured by LAMP-1 expression (A) (n=12 control and 6 SLE; gated on 

CD8+ T cells, mean ± SEM). Resting control and SLE effector/memory (EM) CD8+ T cells 

were labeled with anti-perforin and anti-granzyme B antibodies. Data were collected by flow 

cytometry and analyzed by using the SPICE program (B) (n=9 control and 10 SLE).
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Figure 5. SLE CD8+ T cells are less responsive to viral peptide stimulation
Control and SLE PBMCs were labeled with CFSE and treated with CMV, EBV and 

influenza viral peptide mix (CEF). After 6 days in culture the SLAMF4+/SLAMF4− CD8+ T 

cell population ratio was investigated (gated on CD8+ T cells) as well as total (A) and CD8+ 

T cell (B) proliferation was measured by CFSE dilution (one typical experiment is shown). 

Cumulative proliferation of normal and SLE PBMCs (C) and SLAMF4+/SLAMF4− CD8+ T 

cells (D) show significantly less proliferation of SLE cells compared to normal controls 

(n=5).
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Figure 6. SLAMF4+ CD8+ T cells more likely become double negative T cells compared to 
SLAMF4− CD8+ T cells
CD8+ T cells were sorted based on SLAMF4 expression and were activated with anti-CD3/

anti-CD28 antibodies. Higher percentages of SLAMF4+ CD8+ T cells become double 

negative (A–C) and die (D) after 5 days of culture compared to SLAMF4− counterparts. 

n=3.
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