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T cell clones from a Sjogren’s syndrome salivary gland biopsy produce high
levels of IL-10

S. M. BROOKES, S. B. A. COHEN, E. J. PRICE, L. M. C. WEBB, M. FELDMANN, R. N. MAINI &
P. J. W. VENABLES Kennedy Institute of Rheumatology, London, UK

(Accepted for publication 18 October 1995)

SUMMARY

Sjogren’s syndrome (SS) is characterized by a focal periductal salivary gland infiltrate consisting
mainly of T and B lymphocytes. Most of the T cells bear the memory of CID#-1-like phenotype and
express high levels of class Il, though CDegells are also present. We have studied 17 labial salivary
gland and 15 peripheral blood T cell clones from a patient with primary SS. The tissue clones were 71%
CD8" and 29% CD4, and the peripheral blood-derived clones were 60% CBB8d 40% CD4. The

CD4" T cell clones from both the salivary gland and autologous peripheral blood were of the Thi
phenotype, in that they produced interferon-gamma (}gNend IL-2 but very little IL-4 after 24 h
stimulation with phorbol myristate acetate and anti-CD3 antibody. The salivary gland-derived CD4
clones produced 15 times more 1L-1092Z ng/ml) than peripheral blood-derived CDdlones (052 ng/

ml, P < 0-02). The tissue CD8 clones produced-2 times P < 0-04) more IFN< and CD4 clones
produced 3 times less IL-2R < 0-02) than the respective PBM-derived clones. The accumulation of
Thl-type cells producing high levels of IL-10 in the salivary gland suggests a specific immuno-
regulatory function at the site of inflammation in SS.
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INTRODUCTION have an undifferential phenotype, whereas primed cells (CD45R0)

Sjegren’s syndrome (SS) is an autoimmune exocrinopathy charSan be splitinto Thl or Th2 according to their cytokine profile. In

acterized by lymphocytic infiltration of lachrymal and salivary the mouse, Thi cells classically produce IL-2, interferon-gamma
glands. The infiltrate is composed of T and B lymphocytes, plasmzleN'W) and lymphotoxin, but not IL-4, IL-5, IL-6 or IL-10,

cells and a small number of macrophages [1,2]. Most of the T Cells\’/vhereas Th2 cells have a reciprocal cytokine profile. The Th1l cells

are CD4 [3-5] bearing the phenotype of memory cells [6,7] with are responsible for DTH responses, and the Th2 cells for B cell

15-20% being CD8 cells [3,4]. A large proportion of the T cells z-eslf?ﬁé?;:ebgtun;ﬁ ?ﬁl?y;ﬁglrﬁg_rt()fngscgzz Pe(i'tezoo(:er%;iijt, and
express class Il MHC antigens [8-10], suggesting activation, Istinctl W yp !

- . ratios.
though few (4%) express the T cell activation antigen. TAC (the . . ! . e
IL-2a chain) or IL-2 receptor (IL-2R) [11,12]. Immunohistochemistry and mRNAN situ hybridization

Thus within the SS salivary gland there is in infiltration of have shown the presence of IFN-IL-2 and transforming

partially activated CD4 and CDS§  cells. The duct epithelial cells growth factor-beta (TGF). IL-1, 16 and tumour necrosis
express class Il antigens both in the tissue [8,9] and for prolonge ctor (TNF) havg also been detected in salivary glanq epithe-
periods in culture [13], and it has been suggested that they act 'sal cells e_tnq §allva [15,16]. IFN- has_, be_en detected in the
antigen-presenting cells (APC) (14) leading to the recruitment of ymphocytic infiltrate and on ductal epithelial cells, and may be

. . responsible for class Il expression in the salivary gland
cells to the salivary gland, though the function of these T cells .
remains unknoxn y9 ug unct [9,11,13,17]. We have recently shown that the addition, and

Some insight into T cell function can be determined by theMore significantly the depletion (by neutralizing MoAb), of

cytokine profile of T cell clones. Naive (CD45RA) cells tend to IFN-y down-regulates class Il expression on epithelial cells in
labial salivary gland primary cultures [14]. These studies

S.M.B. current address: Institute of Animal Health, Pirbright suggest _that two products of Thl cells, IFNand I!_-2,_are
Laboratory, Ash Road, Pirbright, Surrey GU24 ONF, UK. reproducibly detected by functional assays, antibodies and
Correspondence: Dr P. J. W. Venables, Kennedy Institute ofMPRNA at the site of the lesion in SS, whereas the Th2

Rheumatology, Bute Gardens, Hammersmith, London W6 7DW, UK.  cytokines, IL-4 and IL-5, are rarely detected.
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The examination of mixed cell cultures or tissue sections inmononuclear cells (2 x 10°), were pelleted and resuspended
SS patients has limitations in defining cytokine profiles for into 2 ml of RPMI in the presence of irradiated (40 Gy) allogeneic
differentiating between Thl and Th2 cells. It is particularly feeder peripheral blood mononuclear cells (PBMCx 20°/m;
difficult to study cytokines which are produced by a variety of North London Blood Transfusion Centre (NLBTC), London, UK),
cell types. For example, IL-10 which has been detected in salivarylL-2 (20 ng/ml) and phytiohaemagglutinin (PHA; Sigma, Poole,
glands [18] is produced by both Thl- and Th2-type cells [19,20],UK) plus 10% heat-inactivated AB positive human serum (NLBTC)
CD8" cells [20] and macrophages. Its effect can be eitherwith penicillin 10U/ml and streptomycin 1@y/ml (complete
inhibitory [20], or stimulatory [21-24] on macrophages and medium). Cells were incubated for 7 days in a humidified atmo-
T cells, and it has variable effects on B cells, sustaining restingsphere at 3T with 4% CQ. Cultures were then supplemented with
B cells and stimulating immunoglobulin production from activated IL-2 for a further 7 days before cloning and characterization. The
B cells [21]. expanded cell lines were cloned by limiting dilution3@ells/well)

In this study we have determined the cytokine profiles of Tin Terasaki plates (20l/well; Becton Dickinson, NJ)
cell clones from a salivary gland biopsy and compared thenusing irradiated allogeneic PBMC ¢510°/ml), rlL-2 (20 ng/ml)
with matching peripheral blood from a newly diagnosed patientand mouse anti-human CD3 MoAb (OKT3, 35ng/ml; ATCC,
with active SS. By this means we were able to circumvent theRockville, MD) as previously described [28].
problems of mixed cell populations and provide evidence of a PBMC from the same patient were cloned out 1 week later in
CD4", Thl cell within the gland, which also produced high an identical fashion, except both IL-2 and PHA were added during
levels of IL-10. The accumulation of this cell type within the the initial isolation of T cells. All cells were maintained on a 14 day
gland suggests it may contribute to the local pathology at the siteycle [22] and were analysed four cycles after cloning and day 14

of inflammation. after anti-CD3 stimulation.
MATERIALS AND METHODS Flow cytometry analysis o N
) Cells (1G cells/tube) were washed twice in PBS containing%
The patient sodium azide (BDH Chemicals, Merk, Lutterworth, UK) and 2%

The patient, aged 48 years, female, presented with keratocorcg (FACS buffer) and the cell pellets were resuspended ji 30
junctivitis sicca and xerostomia. Relevant blood analyses includegacs pyffer containing the appropriate mixture of conjugated
an elevated erythrocyte sedimentation rate (ESR; 40 mm/h), lowntipodies. T cell lines derived from the PBL or salivary gland
leucocyte count-2 x 109/I ), positive tests for anti-Ro and anti-La \yere incubated with CD3 conjugated to Texas red coupled to PE
by immunodiffusion, and elevated I9G (21y1). The HLA issue  (coulter Electronics, Luton, UK) plus FITC-conjugated anti-CD4
type was DR 3/4, DRw 52/53, DQw2. Schirmer’s and salivary flow (gecton Dickinson) plus PE-conjugated anti-CD8 antibody (Becton
rate tests were reduced. The histology scores for inflammatorbickinson) or CD3 conjugated to Texas red coupled to PE plus a B
infiltrate using a haematoxylin ar_1d eosin-stgined paraffin sectioRe|l marker (CD19) coupled to FITC (Becton Dickinson). T cell
were grade 4 and focus 6 as defined by Chisholm & Mason [26]¢|ones were incubated with only the anti-CD4 and anti-CD8 con-
The patient fulfilled six out of six of the Vitakt al. [27] criteria for jugated antibodies. Cells were incubated in the dark, on ice, for
primary SS. The total lymphocyte count was reduced at 906/mmq min, washed in FACS buffer, then fixed with FACS buffer plus 3%
comprising 10% B cells, 40% CD4 and 31% CD8 cells. The totalparaformaldehyde (Sigma). Cells were stored in the dark until
CD4 count was 360/miindicating a CD4 lymphopenia. Serolo- anaiysis by a FACStar Plus flow cytometer (Becton Dickinson).
gical testing for HTLV-1 and hepatitis C were negative. Although The percentage of CD4and CD8 T cells in the lines was

there were no risk factors for HIV infection, the patient was testedyetermined by the percentage of CD4 and CD8 staining of the
at her request, and found to be negative. CD3" cells.

Salivary gland biopsy and culture Cytokine profiles of tissue and PBMC clones

Six labial salivary gland lobules were removed under local anaesThe salivary gland and PBMC-derived T cell clones<(10°/ml)
thetic from the lip margin. Two salivary gland lobules were fixed in were cultured for 24h in complete medium in the presence of
formaldehyde for histology and grading, two embedded in OCT10ng/ml phorbol myristate acetate (PMA; Sigma) andgiml

and cryofixed for imunohistochemistry [9]. The remainder of the soluble anti-CD3 (OKT3) [25]. The cells were pelleted and the
biopsy was placed into transport medium (RPMIgd®, Paisley,  supernatants collected and stored 26°C until use. IFN=, IL-4 and

UK) supplemented with 20% heat-inactivated fetal calf serumiL-10 levels inthe supernatants were detected by ELISA. The ELISA
(FCS; Gsco), and 10 U/ml penicillin and 10 ng/ml streptomycin reagents were kindly donated by Dr D. Novick (Weizmann Institute,
(ICN Biomedical Inc., Flow, UK). Within 60-90 min of excision Rehovot, Israel), Dr F. de Padova (Basel, Switzerland), and Drs K.
the explant was placed into culture [13] in the presence of 10 ng/mMoore and J. Abrams (Palo Alto, CA). IL-2 was detected by the
or riL-2 (Hoffman-La Roche, Nutley, NJ). After 7 days the culture standard CTLL assay. The criteria for defining the Th subtypes, Thi,
contained the biopsy tissue, epithelial cells, a few fibroblasts and'h2, Tho, were the detection limits of the IFNand IL-4 ELISAs as
numerous mononuclear cells. Fresh medium was added, withoyreviously described [22,23]: Th£120 pg/ml IFN+ and <40 pg/

any removals, maintaining the final concentration of riL-2 at 10ng/ml IL-4, Th2 >40pg/ml IL-4 and<120 pg/ml IFN+,. and ThO

ml for a further 7 days. >120 pg/ml IFNs and >40 pg/ml IL-4.

T cell cloning Statistical analysis
Non-adherent cells from the primary culture, containing theAll data were analysed using the Mann—-Whitney test.
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Fig. 1. IFN-y production (ng/ml) by individual CD% (a) and CD§ Fig. 3. IL-4 production (ng/ml) by individual CD#% (a) and CD§
(b) T cell clones derived from the salivary gland and autologous peri-(b) T cell clones derived from the salivary gland and peripheral

pheralblood. Cytokine production was analysed in T cell cloneblood. ----, Detection limit of assay.
supernatants after 24h stimulation with phorbol ester plus anti-CD3
antibody.

differences in IL-4 production; only three clones, two from the
salivary gland and one from the peripheral blood, produced IL-4
above the detection limit of the ELISA (Fig. 3). These three were
Phenotype of cultured T cells designated ThoO cells, the remainder being Th1.

The PBMC line contained 83% CD8and 12% CD4 T cells. The most significant finding in terms of differences between
From the PBMC line, 24 PBMC clones were established, and 15 ofh€ target tissue and the peripheral T cells was the production of IL-
these were randomly selected and assessed for cytokine produt? (Fig- 4). Salivary gland CDA4clones produced 15 times more
tion. The tissue cell derived from the salivary gland biopsy L-10 (7:92ng/ml) than did the PBMC CD4clones (852 ng/ml,
contained 52% CD8and 42% CD4 T cells. Thirty-four salivary P < 0:02), 23 times more than the PBMC CD8lones (&84 ng/
gland clones were established from the line, and of these 17 wer@!: P < 0-01), and 65 times more than the tissue CD#ones
assessed. Contamination of both lines by B cells wa%. Of the (< 0-12ng/ml,P < 0-002).

tissue clones, 12 (70%) were Cba&nd five (29%) were CDZ,
whilst nine (60%) of the PBMC clones were CDand six (40%)
were CD4 . The proportion of CD8 and CD4 cells found in the
biopsy by immunohistochemistry was 64% CD&nd 36% CD4,
and in the blood was 50% CDand 38% CD8 cells. This Usingin situ stimulation with IL-2 alone we have been able to
suggested that the high proportion of CD&lones recovered 9enerate T cell clones from a salivary gland biopsy. The CD4

mirrored the findings in the biopsy and the blood, with a tendencyF!ones from the tissue produced high levels of IL-10, suggesting
to select for CDS cells. that these cells had a specific function at the site of inflammation in

SS. An unexpected finding was that CD4lones were in a
Cytokine production minority compared with CD8 (ratio -B:1 from the tissue
The level of cytokines produced by the salivary gland and PBMc-2nd 07:1 from the blood). This is partly explained by the fact
derived clones is shown in Figs 1-4. The tissue COfiones thatthe patientalso had aCD_A/mphopema and a low percentage
produced significantly more IFN-media= 8-40 ng/ml) than the (36%).of Cp¢ cells in the salivary glland, though 'Fhere was also a
tissue CD4 clones (364 ng/ml,P < 0:02) and the PBMC CD8  Selection bias toward CD8 cells during the establishment of the T-
clones (729 ng/ml,P < 0-04) (Fig. 1). Salivary gland CD4clones ~ Cell lines. This bias towards CD8 cells is unlikely to be due to
produced significantly less IL-2 (@8 ng/ml) than PBMC CD#4 technical factors peculiar to our laboratory, since other studies

clones (085 ng/ml,P < 0-02) (Fig. 2). There were no significant ffom our unit have always yielded the expected excess of
CD4" clones [25,30]. The cloning strategy will have selected the

RESULTS

DISCUSSION
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Fig. 2.1L-2 production (ng/ml) by individual CD% (a) and CD8 (b) T cell
clones derived from the salivary gland and peripheral blood.

Fig. 4. IL-10 production (ng/ml) by individual CD4 (a) and CD8 (b) T

cell clones derived from the salivary gland and peripheral blood.
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activated cells within the biopsy, which in this case comprisedpatient. However, we have demonstrated conclusively that the

mainly CDS8 cells. cloning strategy enables a specific dissection of the T cell subsets
The low CD4" count in the gland, peripheral blood, T cell and the cytokines which they produce. Future studies will address

lines and T cell clones suggests that the patient described here tBe question of which of the pleiotropic effects of IL-10 are

not typical of SS. Previous studies have reported a predominancgominant in Sjgren’s syndrome.

of CD4" cells, with mean ratios of 3:1 in the blood and 5:1 in

the gland being reported [3]. However, these general figures

conceal the enormous scatter which occurs in SS. In the study of ACKNOWLEDGMENTS
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We have confirmed the observation that in SS the majority of
CD4" cells were of the Thl type, capable of producing IFN-
and IL-2, but not IL-4. In addition, we showed that our salivary
gland-derived Th1-like CD%4 clones were capable of producing 1 TalalN, Sylvester RA, Daniels TE, Greenspan JS, Williams R Jr. T and
high levels of IL-10. Since IL-10 directly inhibits IL-2 production B lymphocytes in peripheral blood and tissue lesions ing&go’s
[21], this would explain our observation that the clones which _ Syndrome. J Clin Invest 19753:180-9. o ,
produced high levels of IL-10 produced little IL-2. Fexal. [18] 2 Hedfors E, Lindahl G. Studies on the specificity of the imuno-

LS - . histopathological changes of the salivary glands ilg&a’s syndrome.
reported similar findings for CD%cells from SS salivary glands at . )
. . . Clin Exp Rheumatol 19897:163-5.
the mRNA level, and proposed three possible explanations: (i) the3

- ” : Fox RI, Carstens SA, Fong S, Robinson CA, Howell F, Vaughan JH.
cells were contaminated with IL-10 producing cells such as  yse of monoclonal antibodies to analyse peripheral blood and salivary

macrophages; (ii) the cells were Th2-like but had suppressed gland lymphocyte subsets in ‘Sj@n’s syndrome. Arthritis Rheum
ability to produce IL-4 and IL-5; or (iii) the Thl-like cells 1982;25:419-26.
in salivary glands from patients with SS produce IL-2, IFN- 4 Isenberg DA, Rowe D, Tookmanét al. An imunohistological study of
and IL-10. Our data, using individual salivary gland clones, secondary Sjgren’s syndrome. Ann Rheum Dis 198#3:470-6.
confirm the third suggestion. 5 Adamson TC, Fox RI, Frisman DM, Howell FV. Immunohistological
High levels of IL-10 production by CD% clones derived analysis of Iymphoi_d infiltrates in primary jeen’s syndrome using
from the autoimmune target have also been found in rheumatoid  Menoclonal antibodies. J Immunol 198E30.203-8.
- . L . 6 Skopouli FN, Fox PC, Galanopoulou V, Atkinson JC, Jaffe ES,
arthritis (RA) [25]. The implication of high levels of IL-10 oo . :
duced by T cells in SS. h . ite diff t to that f Moutsopoulos HM. T cell subpopulations in the labial minor salivary
produced by 1 cells in ! Qwever, IS quite difrerent 1o that Tor gland histopathologic lesion of Sjeen’s syndrome. J Rheumatol 1991;
RA. In the presence of an increased number of macrophages, 1g210_4.
V_VhiCh occurs in the sy_nO\_/iaI membranes C_)f RA patients, IL-10 iS 7 Matthews JB, Deacon EM, Kitas G& al. Primed and naive helper T
likely to be involved in immunosuppression, as IL-10 inhibits  cells in labial glands from patients with"$jen’s syndrome. Virchows
T cell function indirectly by inhibiting antigen presentation by Arch A Pathol Anat Histopathol 199%19191-7.
macrophages [21]. The effects of IL-10 in the absence of 8 Fox RI, Bumol T, Fantozzi R, Bone R, Schreiber R. Expression of
macrophages, as found in SS salivary gland lesions, may be histocompatability antigen HLA-DR by salivary gland epithelial cells
immunostimulatory. This is particularly relevant in terms of _ in Siogren’s syndrome. Arthritis Rheum 19889:1105-11.
sustaining resting B cells and stimulating immunoglobulin pro-  Moutsopoulos  HM, Hooks JJ, Chan CC,. Dalavanga YA,
- . - . . Skopouli FN, Detrick B. HLA-DR expression by labial minor
duction by activated B cells. The B cell stimulation may result in

. . . 7. salivary gland tissues in Sjoen’s syndrome. Ann Rheum Dis 1986;
the hypergammaglobulinaemia particularly characteristic of SS 45.677{893 gee y

[29]. In addition, IL-10 in the absence of accessory cells €ang Jonsson R, Klareskog L, Backman K, Tarkowski A. Expression of
enhance T cell proliferation when in the presence of other T cell  HLA-D locus (DP, DQ, DR) coded antigens, beta2-microglobulin, and
cytokines such as IL-2 [30] and IL-3 [23]. the interleukin 2 receptor in Sjoen’s syndrome. Clin Immunol Immu-
This study of one patient with primary SS can be used as a nopathol 198745:235-43.
guide for future studies to examine the role of infiltrating cells in 11 Fox RI, Theofilopoulos AN, Altman A. Production of interleukin 2 (IL
the salivary gland. The increased production of lrnd IL-10 2) by salivary gland lymphocytes in 'Sjen’s syndrome. Detection of
suggests that the infiltration is not a random event and that the cells 'IreaCti"e |Cfg§:i;;i3nfoa9m1i?dy directed to synthetic peptides of IL-2. J
e : : mmuno ) X —15.
Ef"“’e accumulated to perform aSpeCI.fIC function. The productlon Of12 Segerberg-Konttinen M, Bergroth V, JungellePal. T lymphocyte
igh levels of IFN< supports our previous hypothesis [13] that this e ) : : : o

. S - L . . activation state in the minor salivary glands of patients withg&a’s
cyt_oklne is important in mglntalnlng class Il expression in the syndrome. Ann Rheum Dis 19846:649-53.
salivary gland. At present it is not known whether the function of 13 ghatiies WG, Brookes SM, Venables PJ, Clark DA, Maini RN.
IL-10in SS is proinflammatory or protective. We cannot state with  Expression of antigen reactive with a monoclonal antibody to HTLV-
certainty that the pattern we have observed is common to SS as a 1 P19 in salivary glands in Sjwen’s syndrome. Clin Exp Immunol
whole, or peculiar to a subset of the disease represented by our 1992;89.46-51.

REFERENCES

© 1996 Blackwell Science LtdClinical and Experimental Immunolog$03268-272



272 S. M. Brooke=t al.

14 Brookes SM, Price EJ, Venables PJW, Maini RN. Interferon-gamma23 Cohen SBA. IL-10 and IL-3 synergize to cause proliferation of human T

and epithelial cell activation in Sgwen’s syndrome. Brit J Rheumatol cells. Immunology 199585:351-6.
1995;4:226-31. 24 MacNeil IA, Suda T, Moore KW, Mosmann TR, Zlotnik A. IL-10, a

15 Talal N. Sjgren’s syndrome, lymphoproliferation and renal tubular novel growth cofactor for mature and immature T cells. J Immunol
acidosis. Ann Intern Med 1977:4:633—4. 1990;1454167-73.

16 Oxholm P. Primary Sgren’s syndrome—clinical and laboratory 25 Cohen SBA, Katsikis PD, Chu C€ al High IL-10 production by the
markers of disease activity. Semin Arthritis Rheum 1992;114— activated T cell population in the rheumatoid synovial membrane.
26. Arthritis Rheum 199538:946-52.

17 Ogawa N, McGuff S, Dang H, Aufdemorte T, Talal N. Cytokine 26 Chisholm DM, Mason DK. Labial salivary gland biopsy in"&jen’s
profiles of salivary gland from patients with "§jen’s syndrome. disease. J Clin Pathol 19681:656—60.

Arthritis Rheum 199336 (Suppl. 9): s43. 27 Vitali C, Bombardieri S, Moutsopoulos Higt al. Preliminary criteria

18 Fox RI, Kang H, Ando D, Abrams J, Pisa EJ. Cytokine mRNA for the classification of Sgren’s syndrome. Results of a prospective
expression in salivary gland biopsies of &en’s syndrome. J Immunol concerted action supported by the European Community. Arthritis
1994;1525532-9. Rheum 199336:340-7.

19 Del Prete G, De Carli M, Almerigogna F, Giudizi MG, Biagiotti R, 28 Londei M, Gruback-Loebenstein B, De Berardinis P, Greenall C,
Romagnani S. Human IL-10 is produced by both type 1 helper Feldmann M. Efficient propagation and cloning of human T cells in
(TH1) and type 2 helper (TH2) T cell clones and inhibits their the absence of antigen by means of OKT3, interleukin-2 and antigen-
antigen-specific proliferation and cytokine production. J Immunol  presenting cells. Scand J Immunol 1988;35-46.

1993;150353-60. 29 Llorente L, Richaud-Patin Y, Fior Rt al In vivo production of
20 Yssel H, de Waal Malefyt P, Roncarolo MG. IL-10 is produced by interleukin-10 by non-T cells in rheumatoid arthritis.”jen’s syn-
subsets of human CD4T cell clones and peripheral blood T cells. J drome and systemic lupus erythematosus. A potential mechanism of B
Immunol 1992;1492378-84. lymphocyte hyperactivity and autoimmunity. Arthritis Rheum 1994;
21 Mosmann TR. Properties and functions of interleukin-10. Advances 37:1647-55.
Immunol 1994,56:1-26. 30 Cohen SBA, Katsikis PD, Feldmann M, Londei M. IL-10 enhances

22 Schlaak JF, Hermann H, Gallati H, Meyer Zum Buschenfelde KH, expression of the IL-2 receptar chain on T cells. Immunology 1994;
Fleischer B. Differential effects of IL-10 on proliferation and cytokine 83:329-32.
production of human gamma/delta and alpha/beta T cells. Scand 31 Price EJ, Venables PJW. The aetiopathogenesis gf&jts syndrome.
Immunol 1994,39:209-15. Semin Arthritis Rheum 199%5:117-33.

© 1996 Blackwell Science LtdZlinical and Experimental Immunolog$03268-272



