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Partial IL-10 Inhibition of the Cell-Mediated Immune
Response in Chronic Beryllium Diseask

Sally S. Tinkle* Lori A. Kittle, T and Lee S. Newma*

Chronic beryllium disease (CBD) provides a human disorder in which to study the delayed type IV hypersensitivity response to
persistent Ag that leads to noncaseating pulmonary granuloma formation. We hypothesized that, in CBD, failure of IL-10 to
modulate the beryllium-specific, cell-mediated immune response would result in persistent, maximal cytokine production and T
lymphocyte proliferation, thus contributing to the development of granulomatous lung disease. To test this hypothesis, we used
bronchoalveolar lavage cells from control and CBD subjects to evaluate the beryllium salt-specific production of endogenous IL-10
and the effects of exogenous human rIL-10 (rhIL-10) on HLA expression, on the production of IL-2, IFNy, and TNF-a, and on

T lymphocyte proliferation. Our data demonstrate that beryllium-stimulated bronchoalveolar lavage cells produce IL-10, and the
neutralization of endogenous IL-10 does not increase significantly cytokine production, HLA expression, or T lymphocyte pro-
liferation. Second, the addition of excess exogenous rhlL-10 partially inhibited the beryllium-stimulated production of IL-2, [FN+,
and TNF-«; however, we measured no change in T lymphocyte proliferation or in the percentage of alveolar macrophages
expressing HLA-DP. Interestingly, beryllium salts interfered with an IL-10-stimulated decrease in the percentage of alveolar
macrophages expressing HLA-DR. We conclude that, in the CBD-derived, beryllium-stimulated cell-mediated immune response,
low levels of endogenous IL-10 have no appreciable effect; exogenous rhiL-10 has a limited effect on cytokine production and no
effect on T lymphocyte proliferation or HLA expression. The Journal of Immunology,1999, 163: 2747-2753.

ytokines play a central role in initiation and attenuation know from previous research that this granulomatous lung disease i

of the Ag-stimulated, cell-mediated immune responsecharacterized by CDZ%lymphocytosis (1) and by MHC class lI-re-

(CMIR)® and, in the presence of persistent Ag, in the stricted, beryllium salt-specific T lymphocyte proliferation (1-3). This
development of chronic inflammatory disease. During short-termproliferative response involves transient IL-2 and sustained yFN-
Ag exposure, the concentration of proinflammatory and anti-production (4) as well as increased IL-6 and TNE3—6). To inves-
inflammatory cytokines and the timing of their production supporttigate the interplay of proinflammatory and anti-inflammatory cyto-
an immunologic response appropriate to the amount of Ag angines in human granulomatous disease, we evaluated the ability of
duration of exposure. Chronic Ag exposure can cause an imbal -10 to modulate the beryllium-stimulated CMIR in CBD.
ance in the timing or production of these cytokines, resulting in | .10is a key inhibitory cytokine in the inflammatory response

kines in the changing patterns of cytokine production and in thecytes, B lymphocytes, and CD4T lymphocytes. In the inflam-
development of inflammatory disease is incompletely understooq.natory response, IL-10 has been shown to inhibit macrophage and
Chronic beryllium disease (CBD) provides a human disorder inT lymphocyte cytokine synthesis and MHC class Il and B7 ex-
which to study the delayed type hypersensitivity response to persiste ﬁ‘ession. The combination of these effects results in an inhibition
Ag that leads to noncaseating pulmonary granuloma formation. Wi f both mitogen- and Ag-induced accessory cell-dependent T lym-

phocyte proliferation. Furthermore, several laboratories have re-
*Centers for Disease Control and Prevention, National Institute for Occupationalported cross-inhibition between IL-10 and IFN-
Safety and Health, Morgantown, WV 2650®ivision of Environmental and Occu- Changes in IL-10 production have been associated with many
pational Health Sciences, Department of Medicine, National Jewish Medical and i i
Research Center, Denver, CO 80206; &bilision of Pulmonary Science and Crit- inflammatory diseases. Increased IL-10 production has been doc-
ical Care Medicine, Departments of Medicine and Preventive Medicine and Biometymented in the disease organ for optical neuritis (8), rheumatoid
rics, University of Colorado Health Sciences Center, Denver, CO 80206 L . e

arthritis (9), atopic dermatitis (10), and asthma (10). Exogenous
Received for publication September 16, 1998. Accepted for publication June 11
1999, human rIL_-lO (rhlL-lO) hag been shown to modu.lgte. the gellular
The costs of publication of this article were defrayed in part by the payment of pagerGSponsel in autoimmune diseases (.11’ 1_2)‘ parasn,c InfeCt.lons (13’
charges. This article must therefore be hereby maddbrtisemenin accordance  14), septic shock (15), and fungal infection associated with HIV
with 18 U.S.C. Section 1734 solely to indicate this fact. (16). In addition, several laboratories have reported the absence of

* This research was supported by U.S. Public Health Service (National Institutes of|_-10 protein and mRNA in bronchoalveolar lavage (BAL) cells
Health) Grant ES-04843 (to L.S.N.), Specialized Center of Research Grant HL-27353 btained f tient ith acti | idosis (17. 18):
(to L.S.N.), General Clinical Research Center Grant MO1RR00051, Training GranlO ained from patents with active puimonary sarcoldosis ( ’ ),

5-T32-HL07085-20 (to S.S.T.), National Research Service Award 1-F32-Al/Ghalib et al. documented exogenous rhiL-10 modulatiobhei$h-

HL09448-01 (to S.S.T.), and a Clinical Research grant from the National Je""isr}nania-induced proliferative responses in vitro (19)

Center for Immunology and Respiratory Medicine Clinical Investigation Committee. . . .

5 ! ! Therefore, we hypothesized that, in CBD, the failure of endog-
Address correspondence and reprint requests to Dr. Sally S. Tinkle, Centers for . . .
Disease Control and Prevention, National Institute for Occupational Safety and®NOUS IL-10 to modulate the beryllium-specific CMIR results in a
Health, 1095 Willowdale Road, Morgantown, WV 26505. E-mail address: persistent’ maximal Cytokine production and T |ymphocy’[e pro"f-

sft3@cdc.gov . . .

N o - e ) eration that contribute to the development of chronic granuloma-
Abbreviations used in this paper: CMIR, cell-mediated immune response; CBD,tous |ung disease. To test this hypothesis, we used BAL cells from

chronic beryllium disease; BAL, bronchoalveolar lavage; IQR, interquartile range . - =
(25th and 75th percentiles); rhiL-10, human rIL-10; LFU, lipid fluidity unit. control and CBD patients to evaluate the beryllium salt-specific
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production of endogenous IL-10 and to test the effects of exoge-
nous rhiL-10 on HLA expression, on the production of IL-2, Unstimulated
IFN-v, and TNFe, and on T lymphocyte proliferation.

) 100 uM BeSO4
Materials and Methods e e
Study design

We evaluated IL-2, IL-10, IFNy, and TNFe production, T lymphocyte T pg/ml LPS s *
proliferation, and alveolar macrophage expression of HLA class Il mole- —
cules in BAL cells stimulated for 72 h with medium alone, beryllium salts, 0 200 400 600
LPS, or tetanus toxoid in the presence or absence of rhIL-10 or in the

presence or absence of anti-IL-10 Ab. Because of the complexity of the IL-10 (pg/ml)
experimental paradigm and the limited number of cells obtained by BAL,
all experimental conditions could not be accomplished on each set of BAL

cells. Therefore, medium only and beryllium salt-stimulating conditions . Lo
were repeated for each data set. The magnitude of the cellular respon§dGURE 1. IL-10 is produced by BAL cells in vitro. BAL cells were

varied by group; however, the overall conclusions are the same for all oPUltWed for 72 h in the presence or absence of 400 BeSQ, (CO”_”O|
the data presented. The number of patients for each set of experiments $sibjectsn = 5 ; CBD patientsn = 8) or 1 ug/ml LPS (control subjects,
included in the text and figure legends. n = 2; CBD patientsn = 6) as described iMaterials and Methods

Cytokine concentrations were measured in duplicate by ELISA, averaged,
and natural log transformed for statistical analysis. Data are reported as the
We evaluated 18 individuals who met our case definition of CBD: 1) historymean natural log of the cytokine (pg/m) SEM. LPS data for control

of occupational or environmental beryllium exposure, 2) histologic evidence okubjects are reported as the mean of the natural log-transformed data. Sta-

|*

| M Control Subjects ] CBD Subjects l

Study populations

noncaseating granulomas on transbronchial or open lung biopsy, and 3stically significant increases in cytokine concentration with respect to S
BeSQ-stimulated blood or BAL lymphocyte proliferation (20). The seven control measurements are indicated by an asterisk. §
control patients had no known exposure to beryllium, were free of respiratory o
symptoms and lung diseases, and had normal results on chest x-rays and spi- 8
rometry at the time of testing. We obtained informed consent from all partic- Q
ipants according to the protocol approved by the National Jewish Medical an ; ; =
Research Center Human Subjects Review Board. %Iuorocytometrlc analysis g

! After incubation for 72 h,~1 X 10° cells/culture condition were resus- =
Sample collection pended in 50 ml of PBS staining solution containing 5% FBS, 1 mg/ml %

BAL was performed according to standard methods reported previousijiumany globulin (Sigma), and 0.2% sodium azide (Sigma) and incubated
(21). Briefly, we instilled four 60-ml aliquots of room temperature normal at room temperature for 10 min. The cells were centrifuged, resuspended in
saline into the right middle lobe and harvested the fluid by gentle suctiorf*> Ml of staining solution and 5 mi of human peridinin chlorophyll protein--
on the instilling syringe. The fractions were pooled and subsequently cenl@beled anti-CD14 Ab (Becton Dickinson, San Jose, CA), PE-labeled anti-

—

trifuged at 800 rpm for 10 min to pellet the cells. Cell viability, which was HLA-DR Ab (Becton Dickinson), or FITC-labeled anti-HLA-DP Ab %
evaluated by trypan blue exclusion, ranged from 90 to 97%. (PharMingen, San Diego, CA), and incubated for 15 min in the dark at =

room temperature. FITC-labeled 1gG1 and PE-labeled |gG2a (Becton &
Culture of BAL cells Dickinson) were employed as isotype control Abs to measure background o

fluorescence due to nonspecific Ab binding and to control for autofluores- @
) . - o } cence. The cells were rinsed once in PBS and fixed with a 1% formalde- &
(Biownhittaker, Walkersville, MD) containing 2 mM-glutamine, 10% 46 pRS solution. The macrophage cell population was identified by size o
(vIv) |ron-sup_p|_e_mented calf serum (HyCIone_Laboratorles, Logan, UT)'and granularity. HLA analysis was applied to this population of cells. Data
100 U/ml penicillin, and 100 mg/ml streptomycin under standard mammasye o analyzed on a FACScalibur using the PC lysis program.
lian tissue culture conditions. Cells were incubated in the presence or ab-
sence of 10 ng/ml or 100 ng/ml of rhiL-10 (Schering-Plough ResearchStatistical analysis
Institute, Kenilworth, NJ) or in the presence or absence of 170 ng/ml anti- o ) ]
IL-10 neutralizing Ab (R&D Systems, Minneapolis, MN) for 1 h before the The _data were not normally dlstrlbuted_, and we achieved a more Gaussian =
addition of 1M, 10 uM, or 100 uM BeSQ,. The neutralizing concen- distribution by natural Iog _transformatlo_n of the data. For cytokine mea- &
tration of the anti-IL-10 Ab was determined from IL-10 dose responseSurements below the minimum detection level of the ELISA, the data
curves (data not shown), and the neutralization of endogenous IL-10 in a[poin_ts were set to the minimum detectable concentration befpre transfor- Q
BAL cell supernatants was evaluated by ELISA. Tetanus toxoid at 2mation. The data were analyzed separately for each assay using a repeate®
LFU/mI (Wyeth Ayerst Laboratories, Philadelphia, PA) and LPS at 1 measures ANOVA. The_Tu_key—Krame_r multiple comparison procedure
mg/ml (Sigma, St. Louis, MO) were used as positive controls. Cells wereVas used to make all pairwise comparisons between group and treatment
plated in duplicate 96-well plates. For cytokine analysis, supernatants werg€ans. Statistical significance was definegas 0.05.

collected at 72 h, aliquoted, and frozen-a20°C; the corresponding cell

pellets were used immediately in fluorocytometric analysis. The duplicatdR€SUItS .

plates were used in the proliferation assay. Endogenous IL-10 release from Beﬁﬁzmulated BAL cells

from CBD patients

Freshly isolated BAL cells were cultured at110° cells/ml in RPMI 1640

dv uo 1s9nb A

Lymphocyte proliferation
T lymphocyte proliferation was measured bJH[TdR incorporation. PI’EVIOUS. stud|2es from Olér Iaborator;c/j dopumen(;gd S|g|;n|f|czant n-
Briefly, 1 X 10f cells/ml were plated in quadruplicate as described above.CT€8S€S '.n "—', ’ IF_NY' an TNFa production an. in T lympho-
After 72 h in culture, cells were pulsed with 0.5 m@H|TdR (Amersham, ~ cyte proliferation in BeS@stimulated, CBD-derived BAL cells
Arlington Heights, IL) for 4 h, harvested onto glass fiber filters (Gelman (4, 6). To determine whether endogenous IL-10 was produced un-
Sciences, Ann Arbor, M), and counted in a liquid scintillation counter. ger these same conditions, we measured by ELISA the concentra-
The cpm for each set of quadruplicates were averaged. tion of IL-10 in supernatants derived from BAL cells cultured for
Quantification of cytokine protein 72 h. We measured no IL-10 production above the minimum de-

Cytokine concentrations in cell supernatants were measured with commet€ction level in supernatants from U_nStimmated BAL cells from
cially available solid-phase, two-site ELISAs (R&D Systems). The f;N-  most control and CBD individuals or in supernatants from BgSO
TNF-, and IL-2 ELISAs employed in this study have reported sensitivities stimulated cells from control subjects (Fig. 1). In contrast, signif-

of 3.0 pg/ml, ‘I‘,-4hpg/ ml, and 6-%3%’2‘“ reSpe‘;ti"e'y-l_"—alg mﬁasg“;me_m%cant concentrations of IL-10 were measured in BgS@mulated,
were accomplished using an protocol supplied by the Schering- . . . .
Plough Research Institute with a reported sensitivity of 12 pg/ml. CytokineCBD'denved BAL cell cultures (median 175 pg/ml (interquartile

concentrations were measured in duplicate, averaged, and natural log trad@nge (IQR) 94 pg/ml, 261 pg/mlip; < 0.001). The ability of BAL
formed for statistical analysis. cells to release endogenous IL-10 was also tested by stimulation
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FIGURE 2. Neutralization of endogenous IL-10 does not increase beryllium-stimulated cytokine production. BAL cells from CBD patieB)siere

cultured in the presence or absence of 100 BeSQO, and in the presence or absence of 170 ng/ml anti-IL-10 Ab as descrilddtarials and Methods.

Cytokine concentrations were measured in duplicate by ELISA, averaged, and natural log transformed for statistical analysis. Data are presented as th
median of the cytokine concentration (pg/ml) and as the 25th to 75th IQR. Statistically significant increases in the mean cytokine concentration with respect
to measurements from unstimulated supernatants are indicated by an asterisk.

with LPS. The median concentration of IL-10 released by CBD-Exogenous rhiL-10 modulation of Beg&timulated BAL cell
derived BAL cells was 427 pg/ml (IQR 368 pg/ml, 439 pg/mk: cytokine production
0.001), and the mean for control subjects was 508 pg/ml.

To determine whether endogenous IL-10 modulated the berylye subsequently asked whether the concentrations of cytokines mea:
lium-stimulated CMIR, we incubated BAL cells from CBD sub- syred in the beryllium-stimulated CMIR could be modulated by the =
jects with 1) media only, 2) 170 ng/ml anti-IL-10 Ab, 3) 100 aqition of exogenous rhiL-10. To evaluate this possibility, BAL cells S
BeSQ, or 4) 170 ng/ml anti-IL-10 Ab for 1 h before the addition fom control and CBD subjects were preincubated in 0, 10, or 100
of 100 uM BeSQ,. After 72 h, we measured the production of nq/m| rhiL-10 for 1 h before the addition of 1M BeSO, For most
IL-2, IFN'V’ anq TNFa.by El,‘ISA' ~of the conditions studied, the maximum effect of rhiL-10 was ob-

Consistent with previous findings (4), we measured no ConStI'served at 10 ng/ml, and the addition of 100 ng/ml rhiL-10 did not

tive release of 1L-2 or IFNy and low levels of T.NFa N SUPET™ yocrease further the outcome measures. Therefore, we report only th
natants from CBD-derived BAL cells cultured in media only or " ;
results for culture conditions employing 10 ng/ml rhiL-10.

with anti-IL-10 Ab (Fig. 2). The median concentration of TNF- For control subjects, we measured no IL-2 or IFNe super-

in unstimulated cell supernatants (12 pg/ml (IQR 5 pg/ml, 30 pg/ ) o

ml)) did not differ statistically from those measures in supernatantg]atants derived frF’m BAL cglls culturgd under Fhese conditions. In
containing anti-IL-10 Ab (41 pg/ml (IQR 14 pg/ml, 256 pg/ml); pontrast, th_e median Beg@timulated increase in IL-2 and IFN-
p > 0.05). BeSQ stimulated significant increases in the median IN CBD-derived BAL cell cultures decreased b60% following

concentrations of IL-2, IFNy, and TNFe that were not increased Préincubation in rhiL-10 (Fig. 3). In the presence of 10 ng/ml
further by the neutralization of endogenous IL-10 (Fig. 2). The'IL-10, the median concentration of IL-2 at 72 h decreased from
respective medians for BeS@timulated cytokine production 124 pg/ml (IQR 17 pg/ml, 207 pg/ml) to 57 pg/ml (IQR 21 pg/ml,
were 124 pg/ml IL-2 (IQR 17 pg/ml, 207 pg/ml), 3615 pg/ml 109 pg/ml); for IFN<, under the same conditions, the median
IFN-y (IQR 2900 pg/ml, 4180 pg/ml), and 1406 pg/ml TNF- concentration decreased from 3615 pg/ml (IQR 2900 pg/ml, 4180
(IQR 1104 pg/ml, 3320 pg/ml); for cells cultured in anti-IL-10 Ab pg/ml) to 1360 pg/ml (IQR 610 pg/ml, 2495 pg/ml). The BeSO
and beryllium salts, those measures were 119 pg/ml IL-2 (IQR 8&timulated production of TN decreased by-20%, from a me-
pg/ml, 126 pg/ml), 3410 pg/ml IFN-(IQR 2121 pg/ml, 5000 pg/ dian of 1406 pg/ml (IQR 1104 pg/ml, 3320 pg/ml) to 1176 pg/ml
ml), and 1516 pg/ml TNFe (IQR 1070 pg/ml, 9040 pg/ml). (IQR 552 pg/ml, 2144 pg/ml).

papreojumoq
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FIGURE 3. Addition of rhIL-10 to beryllium-stimulated, CBD-derived BAL cells decreases cytokine production. BAL cells from CBD patients (

9) were preincubated fd h in thepresence or absence of 10 ng/ml rhiL-10 before the addition,d¥1110 uM, or 100 uM BeSQ, for 72 h as described

in Materials and Methods. Cytokine concentrations were measured by ELISA. Duplicate wells were averaged and natural log transformed for statistical
analysis. Data are presented as the median (IQR 25, 75). Statistically significant increases in the mean cytokine concentration with respect to measuremer
from unstimulated supernatants are indicated by an asterisk; decreases due to the addition of rhiL-10 are indicated by a dagger.
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Concentration of IFN-y (pg/ml) M Unstimulated |
0 20 40 60 80 100 10 ng/ml rhIL-10 | {
] Anti-IL-10 Ab | |
Unstimulated h 100 uM BeSO4 + Anti-IL-10 Ab T
100 pM BeSO4 e T
100 UM BeSO4 + 10 ng/ml rhIL-10 | e
10 ng/ml rh1L-10 o | a0 | soo0 | 12000
3H - Thymidine Incorporation (cpm)
2 LFU/ml Tetanus . . FIGURE 5. Preincubation of CBD-derived BAL cells in anti-IL-10 Ab
5 . or rhiL-10 did not alter beryllium-stimulated T lymphocyte proliferation.
2 LFU/ml Tetanus Fol!owing preincubation fol h in thepresence or absence of_ 170 ng/ml
+10 ng/ml rhIIL-10 anti-IL-10 Ab or 10 ng/ml rhiL-10, BAL cells from CBD patients were
Ih T : cultured for 72 h in the presence or absence piM, 10 uM, or 100 uM

0 ‘ 5(')0 ‘ ' 15'00 o 2500 BeSQ, (n = 9) or in the presence or absence of 2 LFU/ml tetanus toxoid
. (n = 8), as described iMaterials and MethodsCells were incubated in
Concentration of TNF-o: (pg/ml) 0.5 mCi of PH]TdR for 4 h before harvesting. Quadruplicates were aver-

FIGURE 4. Addition of rhIL-10 to tetanus toxoid-stimulated, CBD-de- aged and log transformed for statistical analysis. Data are presented as the
rived BAL cells decreases IFN-and TNFe production. BAL cells from  median of the cpm (IQR 25, 75). Statistically significant increases in the
CBD patients if = 8) were cultured in the presence or absence of 2 LFU/mI mean T lymphocyte proliferation with respect to measurements from un-
tetanus toxoid and in the presence or absence of 10 ng/ml rhiL-10 as describéimulated cells are indicated by an asterisk.
in Materials and Method<Cytokine concentrations were measured by ELISA.
Duplicate wells were averaged and natural log transformed for statistical anal-
ysis. Data are presented as the median (IQR 25, 75). Statistically significant

increases in the mean cytokine concentration with respect to measuremern?_lo has a more pronounced modulatory effect on the CMIR at
from unstimulated supernatants are indicated by an asterisk; decreases duq 0

the addition of rhiL-10 are indicated by a dagger. lower Ag concentrations (22). To aC(_:ompIis_h this analysis, we
incubated the BAL cells from CBD patients withudM or 10 uM
BeSQ, and 0 or 10 ng/ml rhlL-10. We measured significanid
Although BAL cells frequently respond poorly to recall Ags, we BeSQ-stimulated increases in the median concentrations of [L-2
tested the ability of CBD-derived BAL cells to respond to rhIL-10 (52 pg/ml (IQR 19 pg/ml, 72 pg/ml)), IFN-(2880 pg/ml (IQR
immunomodulation when stimulated by tetanus toxoid. Tetanus tox665 pg/ml, 3500 pg/ml)), and TNR{1694 pg/ml (IQR 668 pg/ml,
oid stimulated a modest cytokine response that was significant foB438 pg/ml);p < 0.001; Fig. &). Preincubation with rhIL-10
TNF-a but not for IL-2 and IFNy. Preincubation of tetanus-stimu- decreased the median concentrations of IL-2 and 4Ady-~70%,
lated cells with 10 ng/ml rhiL-10 decreased the concentration ofto 13 pg/ml (IQR 8 pg/ml, 41 pg/ml) for IL-2 and 846 pg/ml (IQR
TNF-a by 23-fold, from a median of 876 pg/ml (IQR 632 pg/ml, 2008 335 pg/ml, 1080 pg/ml) for IFNy; the median concentration of
pg/ml) to 38 pg/ml (IQR 25 pg/ml, 82 pg/mph < 0.001). And al- TNF-a decreased by-50% (898 pg/ml (IQR 364 pg/ml, 1554
though changes in the IFM-concentrations were not significant, the pg/ml)). There was no statistical difference between the cytokine
tetanus-stimulated median of 23 pg/ml declined to baseline for tetaconcentrations stimulated by 30M and 100uM BeSQ, in the
nus-stimulated cells preincubated in 10 ng/ml rhIL-10 (Fig. 4). presence or absence of rhiL-10.
. . Addition of 1 uM BeSQ, to BAL cell cultures stimulated lower
Exogenous rhIL_—lO modulatlon of Bej€limulated T but significant increases in IFN-and TNF« (respective medians
lymphocyte proliferation 1300 pg/ml (IQR 224 pg/ml, 1990 pg/ml and 1014 pg/ml (IQR 278
To determine the effect of rhIL-10 on T lymphocyte proliferation, pg/ml, 1552 pg/ml)p < 0.001) but not in IL-2 (median 10 pg/ml
we measured®H]TdR incorporation in CBD-derived BAL cells (IQR 4 pg/ml, 14 pg/ml);p > 0.05). Again, preincubation in
cultured in the presence or absence of 100 BeSQ, and in the  rhIL-10 decreased the median concentration of H-bly 85% (184
presence of 0, 10, or 100 ng/ml rhIL-10. We measured a significanpg/ml (IQR 36 pg/ml, 490 pg/ml)p < 0.03)) and of TNFe by
increase in IH]TdR incorporation in beryllium-stimulated cells 60% (median 416 pg/ml (IQR 156 pg/ml, 478 pg/ml)).
(Fig. 5); however, the addition of either anti-IL-10 Ab or rhiL-10  Evaluating T lymphocyte proliferation at gM and 10 uM
to beryllium-stimulated cells did not alter significantly the median BeSQ, stimulation, we measured significafH]TdR incorpora-
levels of PH]TdR incorporation. After 72 h in culture 2] TdR tion at 10uM BeSQ, (median 1394 cpm (IQR 1015 cpm, 9857
incorporation in beryllium-stimulated, CBD-derived BAL cells cpm)) that was not significantly decreased by preincubation in 10
measured 3,303 cpm (IQR 2,886 cpm, 11,092 cprg, 0.001), a  ng/ml rhiL-10 (median 1359 cpm (IQR 890 cpm, 3874 cpm);
level of PH]TdR incorporation that was not changed significantly 0.05; Fig. ®). Addition of 1 uM BeSQ, to CBD-derived BAL
by preincubation in 10 ng/ml rhiL-10 (3024 cpm (IQR 2057 cpm, cells did not significantly increase T lymphocyte proliferation
4850 cpm)) or 170 ng/ml anti-IL-10 Ab (median 2405 cpm (IQR above constitutive levels.
1618 cpm, 6917 cpm)).
We were unable to measure tetanus toxoid-stimulated increases
lymphocyte proliferation byJH]TdR incorporation in BAL cells.

6102 ‘9T |udy uo 1s9n6 Aq /6.0 jounwiwi i ' mamm//:dny wioly papeoumoq

E‘xogenous rhiL-10 modulation of Beg&limulated alveolar
macrophage HLA expression

Efficacy of rhIL-10 immunomodulation at lower concentrations IL-10 also modulates the CMIR through down-regulation of HLA

of BeSQ class Il expression on monocytes and macrophages (22, 23). Sev-
To examine further the effect of rhIL-10 on the beryllium-stimu- eral laboratories have demonstrated the association of HLA1DP
lated CMIR, we evaluated the relationship between Ag concentrawith CBD and DR3 with sarcoidosis (24—-26). Therefore, we ex-
tion and rhiL-10 modulation of cytokine production and T lym- amined the effect of rhIL-10 on the beryllium-stimulated expres-
phocyte proliferation. Previous studies have demonstrated thation of HLA-DP and -DR on alveolar macrophages from control
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FIGURE 6. rhIL-10 modulation ] ] 7
of the beryllium-stimulated CMIR re- 10 ng/ml rhIL-10
mains limited at lower concentrations
of berylium salts. BAL cells from 10 uM BeSO4 | e * vy * s soreaoold
CBD patients it = 9) were preincu- 1 7 ]
bated in the presence or absence of 10 lhon@hfn?:ﬁgj_;o :Im * mh* @m*
ng/ml rhiL-10 and cultured in the pres-
ence or absence LM or 10 uM 1 uM BeSO4 | s * o *
BeSQ, for 72 h. A, Cytokine concen- 7 ] t T
trations were measured by ELISAH, 13 ﬂyﬁﬁgﬁ__‘io 455* El'*
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sured by fH]TdR incorporation (both 0 50 100 150 200 0 1500 3000 4500 0 1000 2000 3000 4000
as described irMaterials and Meth-
ods. Both sets of results are presented Cytokine Concentration (pg/ml)

as the median of the cpm (IQR 25, 75).
We have repeated cytokine data and T
lymphocyte proliferation data for un-
stimulated and 10 ng/ml rhiL-10 treat-

ment conditions to maximize clarity. Unstimulated | g

Statistically significant increases in the ]

mean cytokine concentration or 10 ng/ml rhIL-10 | {
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and CBD subjects. Following BAL cell stimulation, three-color Discussion

fluorocytometric analysis was used to identify the alveolar mac- . e
Y Y fy .In this study, we have demonstrated partial inhibition of the be-

rophage population and the percentages of these cells eXpreSSIPﬁlium-stimulated CMIR by IL-10 in vitro. In particular, we have

HLA-DP and HLA_DR.' . . . shown that exogenous rhiL-10 has a limited modulatory effect on
We measured no significant differences in the mean percentagtt)a
i

. . eryllium-stimulated proinflammatory and Thl cytokine produc-
of alveolar macrophages expressing HLA-DP for either the contro i P 84 y P

CED f £ th . d dif on, on T lymphocyte proliferation, and on the percentage of al-
or group for any of the treatment pairs tested, nor any di “veolar macrophages expressing of HLA-DR and -DP. The failure

ferences between the control and CBD subject groups (Fig. 7). of endogenous IL-10 to modulate a persistent inflammatory re-

Significant changes in the percentage of alveolar macrophaggponse to Ag could contribute to a pulmonary microenvironment
expression of HLA-DR were observed for CBD patients for W0 v,y g nports the development of chronic granulomatous disease.
sets of treatment conditions. First, the addition of 10 ng/ml rhIL-10p ovious studies have shown that failure to produce endogenous
decreased the mean percentage of expression of HLA-DR3®Y | .10 enhances the Thi response to Ag by overriding macrophage
fold with respect to unstimulated conditionp (< 0.001); how-  aniimicrobial signals, thus promoting the development of chronic
ever, there was no difference in the percentage of expression Qﬁycobacterial disease (27, 28); these studies have also shown that
HLA-DR on beryllium-stimulated cells compared with cells incu- eyogenous IL-10 has no effect on the size of mycobacterial, schisto-
bated in rhiL-10 before the addition of beryllium salts. Second, aggmg|, orLeishmaniaAg-elicited pulmonary granulomas in animal
10 ng/ml rhIL-10 preincubation of tetanus toxoid-stimulated cells models and is unable to halt or reverse granuloma formation (29, 30).
decreased the mean percentage of expression of HLA-DR3y Our initial experiments documented the production of IL-10 by
fold (p < 0.001). LPS-stimulated BAL cells from control subjects and from LPS and

The mean percentage of alveolar macrophages expressirgeryllium salt-stimulated BAL cells from CBD patients. These
HLA-DR in the control group did not change significantly for any findings are consistent with previous studies showing LPS- and
of the culture conditions we employed. However, preincubation ofPHA-stimulated release of IL-10 from PBMCs (31) and from mi-
unstimulated and tetanus toxoid-stimulated cells in 10 ng/mkogen and purified protein derivative-stimulated T lymphocytes
rhiL-10 decreased the mean expression by 16% and 24%, respe@2, 33) as well as constitutive and LPS-stimulated IL-10 produc-
tively. Preincubation of beryllium-stimulated alveolar macro- tion by macrophages isolated from PBMCs (34). However, two
phages from control subjects in 10 ng/ml rhiL-10 decreased th&tudies found no LPS-stimulated increase in IL-10 protein and
mean HLA-DR expression by 8%. mRNA production in alveolar macrophages from control subjects
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uM, or 100 uM BeSQ, (n = 9) or in the pres-
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8) for 72 h. A three-color fluorocytometric anal-
ysis was performed as described litaterials
and Methods. Data are reported as the mean
SEM. Statistically significant increases in the
mean percentage of alveolar macrophages ex-
pressing HLA are indicated by an asterisk; de-
creases due to the addition of rhIL-10 are indi-
cated by a dagger.
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(35, 36); other studies documented the absence of IL-10 in cells acreased constitutive HLA-DR expression when added to unstimu-
BAL fluid from patients with active sarcoidosis, a pulmonary dis- lated or to tetanus toxoid-stimulated BAL cell cultures. However,
ease with an immunopathology similar to CBD (17, 18). Our datain the presence of beryllium salts, exogenous rhiL-10 did not de-

6TO0Z ‘9T |udy uo 1senB Aq /6.0 jounwiw i :mman//:dny wody papeojumoq

demonstrate that BAL cells from CBD subjects can be stimulateccrease HLA-DR expression. These data underscore previous find-

by beryllium salts to produce IL-10 in vitro; however, additional ings that HLA-DR and -DP expression can be differentially regu-
studies will be necessary to determine the identity of the BAL celllated within the same cell (39, 40). However, they are in contrast
subset producing the endogenous IL-10 we measured. to studies documenting a significant induction of HLA expression
Our data are also in contrast to reports that changes in the copy IFN-y and inhibition by IL-10 (38, 41, 42). The inability of

centration of IL-10, either by Ab neutralization of endogenouslIL-10 to down-regulate the percentage of alveolar macrophages
IL-10 or by the addition of exogenous IL-10, result in significant expressing HLA-DR in the presence of beryllium salts, coupled
changes in macrophage and T lymphocyte cytokine production andiith the partial inhibition of beryllium-stimulated cytokine pro-

T lymphocyte proliferation, even in the presence of IFN?, 22, duction and T lymphocyte proliferation by rhIL-10, suggests a
32) and at 10-fold lower concentrations of Ag. However, it is pos-potential pathway through which beryllium may disrupt the regu-
sible that the residual cytokine concentrations are sufficient tdatory balance of the CMIR and promote granuloma formation.
maintain T lymphocyte proliferation (32, 37). Although our data do not address directly the mechanism un-

Persistent Ag-MHC class Il expression on APCs may also conderlying the partial inhibitory effect of IL-10 in CBD BAL cells, it

tribute to sustained T lymphocyte proliferation. Many laboratoriesis likely that our observations are due to a combination of the
have demonstrated that IL-10 down-regulates constitutive,¥FN- actions of beryllium as a hapten and as a divalent cation. Previous
and IL-4-stimulated expression of MHC class Il molecules onstudies have shown that beryllium, probably in combination with
monocytes, with a corresponding decrease in Ag-presentation can endogenous peptide, is able to induce Ag-specific T lymphocyte
pabilities (22, 38). Our findings demonstrate no change in the perproliferation (2, 3), act as an adjuvant by increasing the synthesis
centage of alveolar macrophages expressing HLA-DP for controbdf IL-5 and IL-6 mRNA in Ag-stimulated murine spleen cells, and
or CBD subijects for any pair of treatment conditions employed ininfluence isotype switching in B cells (43—45). In addition, beryl-
this study. In contrast, we found that rhiL-10 significantly de- lium salts inactivate cytoplasmic, but not nuclear, kinases (46),
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inhibit the phosphorylation of several phosphatases (47), and bind
to nonhistone nuclear proteins (48). This multiplicity of cellular
effects provides many points at which the homeostatic balance o
the CMIR could be disrupted. Future studies will determine the
combination of haptenic and cationic effects of beryllium that pro-
motes the pulmonary microenvironment favorable to the develop-

ment of noncaseating granulomas. 23.
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