INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 17: 875-879, 2006

Increased expression of membrane TNF-a on activated
peripheral CD8+ T cells in systemic lupus erythematosus
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Abstract. Membrane TNF-a is a precursor form of soluble
TNF-a and exerts pro-inflammatory functions in a cell-to-cell
contact manner. We showed that membrane TNF-« is induced
upon activation on the cell surface of CD4+ T cells and CD8+
T cells. In patients with systemic lupus erythematosus (SLE),
the percentage of membrane TNF-a-bearing CD8+ T cells
(41.5£12.3%) was significantly higher compared with those
of healthy controls (26.7+3.9%) (p=0.007) or patients with
rheumatoid arthritis (29.8+15.4%) (p=0.038). Membrane
TNF-a-bearing CD8+ T cells from SLE patients displayed
cytotoxic activity against L929 cells. It is possible that
membrane TNF-a may be involved in the increased apoptosis
and the generation of autoantigens in SLE.

Introduction

Tumor necrosis factor-o (TNF-a) is a pleiotropic cytokine
that plays a critical role in health and diseases. The biological
effects of TNF-o are mediated through two distinct cell surface
receptors, TNF-RI (TNFRSF1A) and TNF-RII (TNFRSF1B)
(1). Accumulating evidence suggests the involvement of
TNF-a and its receptors in the pathogenesis and development
of autoinflammatory disorders, such as rheumatoid arthritis
(RA) and systemic lupus erythematosus (SLE) (2).

SLE is an inflammatory disorder affecting multiple organ
systems and is considered to be the prototypic systemic auto-
immune disease characterized by a variety of autoantibodies.
Increased levels of serum TNF-a as well as soluble TNF
receptors have been demonstrated in SLE (3.,4), although it
remains controvertial whether soluble TNF receptor neutralizes

Correspondence to: Dr Takahiko Horiuchi, Department of
Medicine and Biosystemic Science, Kyushu University Graduate
School of Medical Sciences, Fukuoka 812-8582, Japan

E-mail: horiuchi@intmed1.med kyushu-u.ac.jp

Key words: systemic lupus erythematosus, membrane tumor
necrosis factor-a, CD8+ T cell, cytotoxic activity

the TNF effect or stabilizes and prolongs the effect of TNF-a.
A number of polymorphisms in the TNF-a gene and in the
nearby TNF- gene have been shown to be associated with
SLE (5-7). One of these polymorphisms, TNF-a-308A, located
in the promoter region of the TNF-a gene, was shown to be
associated with increased production of TNF-a (6). In a mouse
model of SLE, TNF-a administration modulates its disease
severity, depending on the dose and time of its administration
(8.9).

Association of TNF receptors with SLE has also been
demonstrated. Recent genome-wide linkage studies in
multiplex SLE families have identified chromosome 1p36,
where the gene for TNF-RII is located, as one of the candidate
loci for SLE (10,11). A polymorphism at amino acid residue
196 (arginine at 196; 196R) of the TNF-RII gene was
associated with the Japanese SLE patients (12,13). Increased
production of IL-6 and cell death is observed in 196R TNF-
RIl-transfected HeLa cells compared with those transfected
with wild-type TNF-RII (13). The molecular basis of a subset
of the hereditary periodic fever syndromes has been
demonstrated to reside in defects of the TNFRSF1A gene
(TNFRSF1A) (14). Its clinical symptoms such as recurrent
episodes of fever, skin rash, arthritis, and serositis, mimic those
of SLE. We and others have reported that novel polymorphisms
in the TNFRSF1A gene were associated with SLE (15,16).
Moreover, a recent open-label study suggests that anti-
TNF-a antibody, infliximab, may be effective to improve the
inflammatory manifestations of SLE (17). These findings
suggest that the TNF system may be involved in the patho-
genesis of SLE.

TNF-a is generated from its precursor form, membrane
TNF-o. Membrane TNF-a is expressed on the cell surface of
resting natural killer (NK) cells as well as of activated T cells
and macrophages. It has been demonstrated that membrane
TNF-a exerts various pro-inflammatory functions in a cell-to-
cell contact manner, which is distinct from the soluble form
of TNF-a (18). In the present study, we report that membrane
TNF-a is significantly induced on the cell surface of CD8+ T
cells from SLE patients compared with those from healthy
individuals and patients with RA. Membrane TNF-a on the
CD8+ T cells from SLE patients exerted cytotoxic activity on
L929 cells. These results suggest that membrane TNF-o might
be involved in the pathogenesis of SLE.
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Figure 1. Membrane TNF-o expression on resting CD8+ T cells. CD8+ T
cells were purified by using MACS CD8 microbeads from patients with
SLE, RA and healthy individuals, followed by FACS analysis using mouse
monoclonal anti-human TNF-a (solid line) or control mouse IgG1 antibody
(dotted line).
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Materials and methods

Subjects. We studied 20 patients diagnosed as having SLE
according to the 1982 revised criteria of the American College
of Rheumatology (ACR) (19), and 10 patients with rheumatoid
arthritis fulfilled the diagnostic criteria of 1987 revised criteria
of the ACR (20). As a control, 10 healthy donors were enrolled.
All of the patients and controls were Japanese, and the
patients were followed at the rheumatology facility at
Kyushu University Hospital. The disease activity of the SLE
patients was stable and was administered for 5-10 mg of
prednisolone.

CD4+ and CD8+ T cell preparation. Peripheral blood mono-
nuclear cells (PBMCs) were prepared from heparinized blood
of the patients with SLE, patients with RA, and the controls
by centrifugation on lymphocyte separation medium (ICN
Biochemicals, Aurora, OH, USA) gradients as described
previously. T cells were separated by the Rosette purification
method (Stem Cell Technologies, Vancouver, Canada),
followed by Ficoll-Hypaque gradient centrifugation. CD4+
or CD8+ T cells were further separated from the T cells using
MACS CD4 and CD8 microbeads, respectively, followed by
MACS positive selection columns (Militenyi Biotec, Auburn,
CA) in accordance with the manufacturer's protocol. The
purity of each isolated cell population routinely exceeded
95%.
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Immunofluorescence analysis of PBMCs. Cells obtained from
patients with SLE, RA or healthy individuals were treated with
10 pg/ml of phytohemagglutinin (PHA) for 60 min. Then,
the cells were washed 3 times in phosphate-buffered saline
(PBS) supplemented with 2% bovine serum albumin (BSA),
resuspended in the same buffer to a concentration of 1x10°
cells/25 ul. Mouse monoclonal anti-human TNF-a antibody
conjugated with fluorescein isothiocyanate (FITC) (R&D
Systems, Minneapolis, MN) or anti-human CD8 antibody
conjugated with phycoerythrin (PE) (Dako, Glostrup,
Denmark) was added, and the cells were incubated for 30 min
on ice and washed twice with PBS supplemented with 2%
BSA. Mouse IgG1 (Dako) was used as a negative control.
Flow cytometric analysis was performed with a FACScan
(Becton Dickinson).

Cytotoxic assay. CD8+ T cells prepared by MACS CD8
microbeads from SLE patients were stimulated with 10 pg/ml
of PHA for 24 h to express membrane TNF-a on the surface.
Then, the cells were irradiated by 3,000 rad and were used as
effector cells bearing membrane TNF-a on the cell surface.
L929 cells are sensitive to TNF-a and are used as target
cells. 1929 cells were seeded in a 96-well flat-bottom plate
(1.0x10% cells/100 pl/well) and were incubated for 24 h.
Irradiated effector cells (CD8+ T cells) were added on target
cells (1929 cells) with variable E/T ratio and incubated for 30
or 64 h. The wells were washed and viable cells were measured
by crystal violet staining at OD590.

Statistical analysis. Results are expressed as means + SD.
Significance was determined by a two-tailed t-test and multi-
variable statistical analysis.

Results

Membrane TNF-a expression on resting CD4+ and CD8+
T cells. Purified CD4+ or CD8+ T cells were studied for
membrane TNF-a expression on the cell surface. As shown
in Fig. 1, resting CD8+ T cells from patients with SLE and
RA as well as from healthy individuals did not express
significant levels of membrane TNF-a. Only a trace amount
of membrane TNF-a was detected in several SLE patients.
Resting CD4+ T cells were also negative for membrane TNF-a
(data not shown).

Membrane TNF-a expression on activated CD4+ and CD8+
T cells. CD4+ or CD8+ T cells prepared from patients with
SLE or RA or from healthy individuals were activated with
PHA, followed by FACS analysis for membrane TNF-a
expression. Although there was no difference in the induction
of membrane TNF-a on activated CD4+ T cells from SLE
patients and healthy individuals, activated CD8+ T cells from
SLE patients significantly induced membrane TNF-a compared
with those from healthy individuals (Fig. 2). Fig. 3 shows the
percentage of activated CD4+ or CD8+ T cells bearing
membrane TNF-a in patients with SLE, RA or healthy
individuals. Although the percentages of membrane TNF-a-
expressing CD4+ T cells were not significantly different
between SLE patients (33.2+6.3%) (n=5), RA patients
(29.4+2.5%) (n=5) and healthy individuals (33.8+3.2%)
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Figure 2. Expression of membrane TNF-a on activated CD4+ and CD8+ T cells. CD4+ or CD8+ T cells purified from SLE patients or from healthy
individuals were stimulated with 10 yg/ml of PHA for 24 h. Expression of membrane TNF-a was detected by FITC-conjugated mouse anti-TNF-a
monoclonal antibody using FACS analysis (solid line). Mouse IgG1 was used as a negative control (dotted line).
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Figure 3. Increased expression of membrane TNF-a on activated CD8+ T
cells in patients with SLE. The bars represent mean and SD of each group.
Statistical evaluation was conducted by paired Student's t-test. “p=0.007,
“p=0.038.

(n=5), the percentage of membrane TNF-a positive CD8+ T
cells in SLE patients (41.5£12.3%) (n=20) was significantly
increased compared to those of healthy individuals (26.7+3.9%)
(n=10) (p=0.007). There was no significant increase of mem-
brane TNF-a in RA patients (29.8+15.4%) (n=10), which was
significantly low compared to that of SLE (p=0.038).

Cytotoxic activity of membrane TNF-a on CD8+ T cells.
Functional activity of the membrane TNF-o. on CD8+ T cells of
SLE patients was determined by using TNF-a-sensitive 1.929
cells. In order to exclude the possibility of the involvement of
soluble factors, PHA-activated CD8+ T cells were irradiated
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Figure 4. Cytotoxic activity of membrane TNF-a on activated CD8+ T cells.
CD8+ T cells were stimulated with 10 zg/ml of PHA followed by irradiation
by 3,000 rad. Irradiated effector cells (CD8+ T cells) were added on target
cells (1929 cells) with variable E/T ratio and incubated for 30 h (diamonds)
or for 64 h (squares). The irradiated nonactivated CD8+ T cells incubated
with L929 cells for 30 h are shown as a control (circles). The percentages of
surviving L1929 cells is detected by crystal violet. Representative results of 3
independent experiments are shown.

before incubation with L929 cells. As shown in Fig. 4, cell
surface membrane TNF-a dose-dependently showed cytotoxic
activity from effector/target cell ratio (E/T ratio) of 5-20. After
30 h of incubation, 62% of the 1.929 cells were alive at the E/T
ratio of 20, while only 21% of the 1929 cells were surviving at
the E/T ratio of 20 after 64 h of incubation. Resting irradiated
CD8+ T cells that are negative for membrane TNF-a on their
surface did not show any cytotoxic activity against L.929 cells.
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Discussion

We demonstrated that membrane TNF-a expression is
significantly enhanced on activated CD8+ T cells from SLE
patients compared with those from RA patients or healthy
controls. The membrane TNF-a on the CD8+ T cells
displayed cytotoxic activity against mouse 1.929 cells.

The etiologic importance of T cells in SLE has been widely
recognized. Recent studies have shown the important role of
cytotoxic CD8+ T cells in the pathogenesis of SLE. Increase
in perforin- and/or granzyme B-positive, activated CD8+ T
cells correlated with disease activity in SLE patients (21).
These CD8+ T cells generated high amounts of soluble nucleo-
somes as well as granzyme B-dependent unique autoantigen
fragments from their target K562 cells, which would imply
the positive role of CD8+ T cells in the production of excess
amount of autoantigens. We here showed the possibility that
CD8+ T cells in SLE patients express a larger amount of
membrane TNF-o upon activation, and are more prone to exert
cytotoxic activity. It is possible that membrane TNF-a is an
effector molecule in addition to perforin and granzyme B in
CD8+ T cells. Increased soluble and T cell-associated TNF-
related apoptosis-inducing ligand (TRAIL), a member of the
TNF ligand family proteins like TNF-a, have been reported
in active SLE patients (22). Considering its pro-apoptotic
activity, TRAIL may amplify the abnormal apoptotic process
in SLE.

Membrane TNF-a, a precursor form of soluble TNF-a, is
expressed constitutively on NK cells as well as on activated
macrophages, T cells and B cells. The biological activities of
membrane TNF-o are mediated through cell-to-cell inter-
action, which is a manner distinct from that of soluble TNF-a..
Membrane TNF-a acts both as a ligand and a receptor;
therefore, it is considered to be a bipolar molecule that
modulates local inflammation (23-25). A number of
biological functions have been reported as a ligand, such as
cytotoxic activity and antibody production (26,27). The
biological functions of membrane TNF-a as a receptor is
generated by signals directed from outside to inside, recently
identified as a novel mechanism of membrane TNF-a. This
reverse signal generates a number of biological functions, such
as E-selectin expression, cell cycle arrest and apoptosis of the
membrane TNF-a-expressing Jurkat T cells (28). In addition,
the involvement of membrane TNF-o expressed on CD8+ T
cells is also implicated for the pathogenesis of mouse auto-
immune diabetes (29).

In conclusion, we have demonstrated increased membrane
TNF-a expression on activated CD8+ T cells from SLE
patients. Membrane TNF-a on activated CD8+ T cells from
SLE patients displayed cytotoxic activity to 1.929 cells. In vivo
function of membrane TNF-a is complex; however, the cyto-
toxic effect of membrane TNF-a on activated CD8+ T cells
may be one of the factors contributing to the excess apoptosis
and autoantigen presentation in SLE.

References

1. Vandenabeele P, Declerq W, Beyaert R and Fiers W: Two
tumor necrosis factor receptors: structure and function. Trends
Cell Biol 5: 392-399, 1995.

HORIUCHI et al: MEMBRANE TNF-A IN SLE

2. Feldmann M and Maini RN: Anti-TNF-o therapy of rheumatoid
arthritis: what have we learned? Ann Rev Immunol 19: 163-196,
2001.

3. Maury CP and Teppo AM: Tumor necrosis factor in the serum
of patients with systemic lupus erythematosus. Arthritis Rheum
32: 146-150, 1989.

4. Studnicka-Benke A, Steiner G, Petera P and Smolen JS: Tumor
necrosis factor alpha and its receptors parallel clinical disease
and autoimmune activity in systemic lupus erythematosus. Br J
Rheumatol 35: 1067-1074, 1996.

5. Wilson AG, Gordon C, Di Diovine FS, De Vries N, Emery P,
Van De Putte LB and Duff GW: A genetic association between
systemic lupus erythematosus and tumor necrosis factor alpha.
Eur J Immunol 24: 191-195, 1994.

6. Rudwaleit M, Tikly M, Khamashta M, Gibson K, Klinke J,
Hughes G and Wordsworth P: Interethnic differences in the
association of tumor necrosis factor promoter polymorphisms with
systemic lupus erythematosus. J Rheumatol 23: 1725-1728, 1996.

7. Hajeer AH, Worthington J, Davies EJ, Hillarby MC, Poulton K
and Ollier WE: TNF microsatellite a2, b3 and d2 alleles are
associated with systemic lupus erythematosus. Tissue Antigens
49:222-227,1997.

8. Jacob CO and McDevitt HO: Tumor necrosis factor-a in murine
autoimmune ‘lupus’ nephritis. Nature 331: 356-358, 1988.

9. Theofilopoulos AN and Lawson BR: Tumor necrosis factor and
cytokines in murine lupus. Ann Rheum Dis 58: 149-155, 1999.

10. Gaffney P, Kearns GM, Shark KB, Ortmann WA, Selby SA,
Malmgren ML, Rohlf KE, Ockenden TC, Messner RP, King RA,
Rich SS and Behrens TW: A genome-wide search for
susceptibility genes in human systemic lupus erythematosus sib-
pair families. Proc Natl Acad Sci USA 95: 14875-14879, 1998.

11. Shai R, Quismorio Jr FP, Li L, Kwon O, Morrison J, Wallace DJ,
Neuwelt CM, Brautbar C, Gauderman WJ and Jacob CO:
Genome-wide screen for systemic lupus erythematosus
susceptibility genes in multiplex families. Hum Mol Genet 8:
639-644, 1999.

12. Komata T, Tsuchiya N, Matsushita M, Hagiwara K and
Tokunaga K: Association of tumor necrosis factor receptor 2
(TNFR2) polymorphism with susceptibility to systemic lupus
erythematosus. Tissue Antigens 53: 527-533, 1999.

13. Morita C, Horiuchi T, Tsukamoto H, Hatta N, Kikuchi Y,
Arinobu Y, Otsuka T, Sawabe T, Harashima S, Nagasawa K and
Niho Y: Association of tumor necrosis factor receptor type II
polymorphism 196R with systemic lupus erythematosus in the
Japanese. Molecular and functional analysis. Arthritis Rheum
44:2819-2827,2001.

14. McDermott MF, Aksentijevich I, Galon J, McDermott EM,
Ogunkolade BW, Centola M, Mansfield E, Gadina M, Karenko L.,
Pettersson T, McCarthy J, Frucht DM, Aringer M, Torosyan Y,
Teppo A-M, Wilson M, Karaarslan HM, Wan Y, Todd I, Wood G,
Schlimgen R, Kumarajeewa TR, Cooper SM, Vella JP, Amos CI,
Mulley J, Quane KA, Molloy MG, Ranki A, Powell RJ,
Hitman GA, O'Shea JJ and Kastner DL: Germline mutations in
the extracellular domains of the 55 kDa TNF receptor, TNFR1,
define a family of dominantly inherited autoinflammatory
syndromes. Cell 97: 133-144, 1999.

15. Horiuchi T, Tsukamoto H, Mitoma H, Miyagawa H, Tamimoto Y,
Yoshizawa S, Harada M, Hayashi K, Hashimura C, Oribe M
and Okamura S: Novel mutations in TNFRSF1A in patients
with typical tumor necrosis factor receptor-associated periodic
syndrome and with systemic lupus erythematosis in Japanese.
Int J Mol Med 14: 813-818, 2004.

16. Ida H, Kawasaki E, Miyashita T, Tanaka F, Kamachi M, [zumi Y,
Huang M, Tamai M, Origuchi T, Kawakami A, Migita K,
Motomura M, Yoshimura T and Eguchi K: A novel mutation
(T61I) in the gene encoding tumor necrosis factor receptor
superfamily 1A (TNFRSF1A) in a Japanese patient with tumor
necrosis factor receptor-associated periodic syndrome (TRAPS)
associated with systemic lupus erythematosus. Rheumatology
43:1292-1299, 2004.

17. Aringer M, Graninger WB, Steiner G and Smolen JS: Safety
and efficacy of tumor necrosis factor a blockade in systemic
lupus erythematosus. An open-label study. Arthritis Rheum 50:
3161-3169, 2004.

18. Horiuchi T, Higuchi M, Harashima S, Sawabe T, Nishizaka H,
Kojima T, Yoshizawa S, Niho Y and Nagasawa K: Membrane
TNF-a-mediated signal transduction in T cell-B cell interactions.
In: Molecular and Genetic Approaches to Diseases: Immunology,
Hematology, Oncology. Niho Y (ed). Vol. 1. Kyushu University
Press, Fukuoka, pp11-18, 1998.



19.

20.

21.

22.

23.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 17: 875-879, 2006

Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ,
Rothfield NF, Schaller JG, Talal N and Winchester RJ: The
1982 revised criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 25: 1271-1277, 1982.

Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, Healey LA, Kaplan SR, Liang MH, Luthra HS,
Medsger Jr TA, Mitchell DM, Neustadt DH, Pinals RS,
Schaller JG, Sharp JT, Wilder RL and Hunder GG: The
American Rheumatism Association 1987 revised criteria for the
classification of rheumatoid arthritis. Arthritis Rheum 31:
315-324, 1988.

Blanco P, Pitard V, Viallard J-F, Taupin J-L, Pellegrin J-L and
Moreau J-F: Increase in activated CD8+ T lymphocytes
expressiong perforin and granzyme B correlates with disease
activity in patients with systemic lupus erythematosus. Arthritis
Rheum 52: 201-211, 2005.

Rus V, Zernetkina V, Puliaev R, Cudrici C, Mathai S and Via CS:
Increased expression and release of functional tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) by T cells
from lupus patients with active disease. Clin Immunol 117: 48-56,
2005.

Harashima S, Horiuchi T, Hatta N, Morita C, Higuchi M,
Sawabe T, Tsukamoto H, Tahira T, Hayashi K, Fujita S and
Niho Y: Outside-to-inside signal through the membrane TNF-a
induces E-selectin (CD62E) expression on activated human
CD4+ T cells. ] Immunol 166: 130-136, 2001.

24.

25.

26.

217.

28.

29.

879

Eissner G, Kolch W and Scheurich P: Ligands working as
receptors: reverse signaling by members of the TNF super-
family enhance the plasticity of the immune system. Cytokine
Growth Factor Rev 15: 353-366, 2004.

Kirchner S, Boldt S, Kolch W, Haffner S, Kazak S, Janosch P,
Holler E, Andreesen R and Eissner G: LPS resistance in mono-
cytic cells caused by reverse signaling through transmembrane
TNF (mTNF) is mediated by the MAPK/ERK pathway. J
Leukoc Biol 75: 324-331, 2004.

Decker T, Lohmann-Matthes ML and Gifford GE: Cell-associated
tumor necrosis factor (TNF) as a killing mechanism of activated
cytotoxic macrophages. J Immunol 138: 957-962, 1987.
Higuchi M, Nagasawa K, Horiuchi T, Oike M, Yasukawa M,
Ito Y and Niho Y: Membrane tumor necrosis factor-a (TNF-a)
expressed on HTLV-I-infected T cells mediates a costimulatory
signal for B cell activation: characterization of membrane TNF-a.
Clin Immunol Immunopathol 82: 133-140, 1997.

Mitoma H, Horiuchi T, Hatta N, Tsukamoto H, Harashima S,
Kikuchi Y, Otsuka J, Okamura S, Fujita S and Harada M:
Infliximab induce potent anti-inflammatory responses by outside-
to-inside signals through transmembrane TNF-a. Gastroenterology
128: 376-392, 2005.

Herrera PL, Harlan DL and Vassalli P: A mouse CD8 T cell-
mediated acute autoimmune diabetes independent of the perforin
and Fas cytotoxic pathways: possible role of membrane TNF.
Proc Natl Acad Sci USA 97: 279-284,2000.



