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Abstract. Interleukin-12 (IL-12) is a cytokine produced byhemodialyzer after 15 min of dialysis & 0.69,P < 0.01).
peripheral blood mononuclear cells (PBMC) that causes inték-12 release in CU remained unchanged under mitogen stim-
feron-y (IFN-vy) production and enhancement of cell-mediatedlation (44.34= 23.86 pg/ml) and was lower than in CON,
cytotoxicity. To clarify the role of hemodialysis biocompatibil-UR, and PMMA (66.0+ 12.41, 68.37+ 25.78, and 67.75%

ity on IL-12 production and uremic immunodeficiency, we&2.61 pg/ml, respectively? < 0.05). IFN-y production was
have studied the IL-12 and IFN+elease by PBMC harvestedsimilar, in unstimulated conditions, in all groups. Under stim-
from 12 patients dialyzed with cuprophan membrane (CW)lation, IFN-y release was lower in CU (13.42 12.04 1U/ml)
eight patients dialyzed with polymethylmethacrylate menthan in CON, UR, and PMMA (51.84 30.74, 32.16+ 13.86,
brane (PMMA), and eight nondialyzed uremic patients (URand 32.16+ 13.86 1U/ml, respectivelyP < 0.01). These
Ten healthy subjects constituted the control group (CONpsults demonstrate that hemodialysis with CU induces mono-
PBMC were cultured for 48 h with and without nonspecificyte activation with an enhanced release of IL-12. On the
mitogen stimulation. In unstimulated conditions, CU showecbntrary, stimulated PBMC production of both IL-12 and
an IL-12 PBMC production higher than CON, UR, and PMMAFN-v is lower in these patients than in CON, UR, and PMMA.
(46.67 = 30.13versus2.56 = 1.38, 6.16x 7.09, and 4.62t The altered release of these cytokines could play a role in
4.76 pg/ml, respectivelyP < 0.01). IL-12 production was cell-mediated immunodeficiency of the uremic patients dia-
correlated with C3a concentration measured at the outletlgfed with CU.

Infections are responsible for approximately 20 to 36% of dlL.-2 production under mitogen stimulation (9,10) with an
deaths in patients on chronic maintenance hemodialysis (1jBgreased expression and release, in the absence of any stim-
This percentage is increased after 6 yr of hemodialysis, beinkation of IL-2 receptor (11,12), may attest to the contradictory
the prevalent cause of death in patients starting regular dialysggexistence of primarily preactivated T cells that present a
treatment (RDT) before 60 yr of age (3). Many comorbifunctional deficiency state under mitogen challenge (13-15).
conditions, such as malnutrition and repetitive venipuncture Zaoui and Hakim have found a significant decrease of nat-
with breaking of the skin integrity, may increase the occugral killer cytolytic activity in patients dialyzed with cuprophan
rence of infections. Other important factors, however, a(€uU) membranes (16). Natural killer (NK) cells comprise 10 to
linked to the immunodeficiency state of dialyzed patients iD5% of total blood lymphocytes and play an important role in
which poor biocompatibility of hemodialysis may play anhe resistance to viral infections and destruction of autologous
important role (4). These factors include recurrent activation §fmor cells (16—18).
complement with degranulation of neutrophils (5), attenuation NK cells constitute the major target of NK cell stimulatory
of phagocytic function (6) and decreased granulocyte-endothgctor or interleukin-12 (IL-12). IL-12 is a cytokine composed
lial adhesion (due to reduced expression of neutrophil adhesigitwo chains, a heavy chain, or p40, and a light chain, or p35,
molecules) (7), and defective monocyte functions with reducegiming a disulfide-linked heterodimer, or p70 (19-21). IL-12
monocyte-dependent release of interleukin-2 (IL-2) by T lyms produced by peripheral blood mononuclear cells (PBMC)
phocytes (8). Most of these defects may specifically impagp2) |n particular, monocyte/macrophages, B cells, and phago-
cellular immunity of hemodialysis patients. An abnormally |°W:ytic and antigen-presenting cells are the most important phys-
iologic producers of IL-12 (23). In addition to causing prolif-
member 25, 1998. Accepted April 9, 1999, eration and enhancement pf cytotoxic activi'ty of NK_ceIIs,
This study was presented in part at the 30th Annual Meeting of the Americla-12 €nhances the production of some cytokines, particularly
Society of Nephrology, San Antonio, TX, November 2 to 5, 1997, and has beigiterferon=y (IFN-v), by T cells (24—26). No data are available
published in abstract formJ(Am Soc Nephro8: 244, 1997). in the literature regardingn vivo production and effects of
Corre§pondence to Dr. Bruno Memoli, De_pgrtment of Nephrology, Universi“r__lz in patients with end-stage renal failure.
Federico Il of Naples, Italy, Via S. Pe}nsml 5 (_Ed. 5_), 8_0131 Napoli, Italy. This study was performed to clarify the role of hemodialysis
Phone and Fax+39/817462641; E-mail: memoli@unina.it . 7 - C.
1046-6673/1010-2171 blocpmpatlblllt_y_ and uremic immunodeficiency on IL-12 pro-
Journal of the American Society of Nephrology duction. Specifically, the goals of our study were tf) {n-
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from uremic patients undergoing chronic dialysis with new Cigtal bovine serum (Sigma, Milan, Italy) and antibiotics (penicillin
membranes;) compare these results with those obtained @nd streptomycin). The cell suspension contained approximately 95%
(a) healthy control subjectsb) uremic nondialyzed patients, toPBMC with a mean value of 74% lymphocytes (range, 64 to 90%) and
exclude the potential influence of urengiar se and €) uremic  10% monocytes (range, 6 to 15%); more than 98% PBMC were
patients dialyzed with a more biocompatible, synthetic menf@Ple, as determined by trypan blue dye exclusion.

brane: 8) evaluate in all groups the effects of a nonspecific P.BMC gulturgs were set up in _elther the absepce or the presence of
mitogen stimulation; and4j evaluate in all groups the T cell a S_t'mUIat'_on _W't_h b(.)th 1qug/mi “poPOlysaCChar.'d.e (LPS).(N?'S'
IFN-v release under mitogen challenge. Complement activa o meningitidis(Sigma) and phytohemagglutinin (PHA; Sigma).

tion durina dialvsis treat t with either CU | th I&‘fter48hof incubation at 37°C in a humidified atmosphere contain-
lon during dialysis treatment with either Qr po Yme yTng 5% CO, cell-free supernatants were collected by centrifugation
methacrylate (PMMA) membrane was also investigated EQO min at 400x g) and stored at-20°C.

ascertain a possible relationship with IL-12 PBMC release In

the absence of any mitogenic stimulation.
Cytokine Assays

Maj[erials anq Methods All supernatant samples from the different groups of healthy con-
Patient Selection trol subjects and patients were analyzed in duplicate at the same time.
Twelve patients (7 males [M], 5 females [F]; mean age;464.8 IL-12 Immunoassay. This assay uses a quantitative sandwich

yr) on RDT, regularly dialyzed three times a week for at least 1 ynzyme immunoassay technique (R&D Systems, Minneapolis, MN).
before the study with new CU membranes (filters manufactured Iy brief, a monoclonal antibody, specific for IL-12, has been precoated
Bellco, Italy; mean membrane surface: 1.3 mq; thicknesgin8  onto a microplate. Standards and samples of supernatant from PBMC
sterilization: ethylene oxide), were enrolled in the study. As contr@ke pipetted into the wells, and any IL-12 present is bound by the
groups, we studied1j 10 healthy laboratory staff volunteers (6 M, 4immobilized antibody. After washing away any unbound substances,
F; mean age, 33 7.5) (CON); @) eight patients (6 M, 2 F; mean age,an enzyme-linked polyclonal antibody specific for IL-12 is added to
48.2 = 6.4) with advanced chronic renal failure (GFR value, meang wells. After a wash to remove any unbound antibody-enzyme
sured as the mean of greatinine and urea clearance: 9.8 mi/min) reagent, a substrate solution is added to the wells and color develops
(UR); and @) eight patients (5 M, 3 F; mean age, 38:66.2 yr) on iy proportion to the amount of IL-12 bound in the initial step. After 20
RDT for at least 1 yr with a more biocompatible synthetic membrangi, of incubation, the color development is stopped and the intensity
(PMMA membrane; filters manufactured by Toray, Japan; modgt e color is measured. The assay range was 0 to 600 pg/ml; the

83'1'3A;_ mean membran_e surface: 1.3 mg; me_mbrane thlck_ness:lg‘ger detection limit was<3 pg/ml. The coefficient of variation of
wm; sterilization:y ray). With both membranes, dialysate was flltere(é)oth interassay and intra-assay was0%

through hydrophobic membranes, and bicarbonate dry powder Car'IFN-y Supernatants of both unstimulated and PHALPS-
tridges were adopted. In aI_I dialyzed patie_.\nts (either on (.:U or |:"V”\/Iéctivated cultures were assayed for the presence ofjlBbktording to
membrane), KUV urea, estimated according to the Daugirdas equat{ € manufacturer's instructions. The test is based on a solid-phase

(27), was kept between 1.2 to 1.3 to avoid differences in smal oo e L
molecules (blood urea nitrogen and creatinine) concentrations. Erézyme-ampln‘led sensitivity immunoassay on a microtiter plate. In

suggested by Vanholdet al. (28), in fact, leukocyte function dete- rief, stanFjards and supernatant; coptalnlng tﬁldact.wnh amono-
%P_nal antibody coated on the microtiter well and with a monoclonal

riorates progressively when serum concentrations of these small m bodv labeled with h dish id Aft hing. t
ecules increase. Protein catabolic rate was maintained in all patiezi]\rtlé' ody labeled with horseradish peéroxidase. Alter washing, 1o re-

between 1.0 to 1.3 g/kg per d and albumin concentration Was move unbound enzyme-labeled antibodies, bound enzyme-labeled
g/dl. Erythropoietin was given to 80% of patients; 90% of patienf's“mibOdieS are measured tr_\rough a chromogenic reaction. The mini-
were taking vitamin D orally at the end of dialysis treatment. N§UM detectable concentration of IFNs estimated to be 0.03 1U/ml.
patients had parathyroid hormone (intact) valze250 pg/ml. The intra-assay coefficient of variation wa$%, whereas the inter-

No patient had clinical or laboratory evidence of infective, inflam@Ssay variation was:10%.
matory, or autoimmune disease, and none was any taking drugs
interfering with the immune response. No patient had diabetes mel-
litus or IgA nephropathy as underlying disease. All subjects gavkssay for Complement Activation (C3a)

informed consent before the study. C3a concentrations were evaluated in patients dialyzed with either
CU or PMMA membranes by using an immunoassay kit from Quidel
Cell Cultures (San Diego, CA). Blood samples were drawn at 0, 15, and 240 min;

All blood samples (15 ml) for PBMC cultures were collected in th&t 15 min, blood samples were taken both before and after the
morning in heparinized tubes. In dialyzed patients (both with CU arfgmodialyzer. An equal volume of Quidel stabilizing solution was
PMMA membranes), blood samples were drawn before the dialy§idded to each sample to preserve complement integrity. The kit
session. PBMC were harvested and set up in cultures as descritiéHdes microtiter strips coated with a monoclonal antibody specific
previously (28,29). In brief, PBMC were isolated by a Ficoll-Hypaqufr human C3a-desArg. Diluted samples were incubatedLft at
(Flow Laboratories, Irvine, United Kingdom) gradient density centriffoom temperature. After incubation, a peroxidase-conjugated rabbit
ugation at 400x g for 30 min. The interphase mononuclear layer wagnti-C3a was added and the amount of C3a in the samples was
collected and washed twice with RPMI 1640 (Flow Laboratories) guantified, after a washing step, in duplicate by using the peroxidase
300 X g for 10 min. The cells were then resuspended in 15 ml ¢eaction and a standard curve. The absorbance was measured at 450
polypropylene round bottom tubes (Falcon; Becton Dickinson, Limim wavelength. The lower detection limit was20 ng/ml, whereas
coln Park, NJ) at a concentration 0#210%ml in an Iscove’s culture the coefficient of variation of both interassay and intra-assay was
medium (Flow Laboratories) supplemented with 1% heat-inactivatedl0%.
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Statistical Analyses IFN-vy Production by Unstimulated and Stimulated
Statistical analyses were performed using the ANOVA and line&dBMC
regression analysis. Data are expressed as me&&EM. Statistical Figure 2 shows IFNy production by PBMC, in the absence
significance was defined @ < 0.05. and presence of mitogen stimulation, in all groups included in
the study. No difference was observed in basal H-produc-
Results tion among all groups _(0.89 0.13,1.12+ 0.23, 1.24+ 0.31,
IL-12 Production by Unstimulated PBMC and 0.71* 0.18 IU/ml in CON, UR, CU, and PMMA, respec-

As shown in Figure 1, the 12 uremic patients dialyzed wit“vely)'
CU membrane shgowed ,asignificantl'y (<p0.01) higheyr/value IFN'_V production by stimulated PBMC was signi_ficantly
of IL-12 production by unstimulated PBMC (46.6% 8.70 lower in the (_:U group (13.42- 3.47 1U) compared with the
pg/ml supernatant) compared with IL-12 release in healtlé‘()glueS found " other groups (51.849.72, 32.16= 4."90’ and
control subjects (2.56 0.44 pg/ml), uremic nondialyzed :37.= 4.40 in CON, UR_’ and PMMA, re_specnvel)? <
patients (6.16*+ 2.51 pg/ml), and patients dialyzed Witho_'01_)'_ In all groups, the stimulated productlon of 'W’as
PMMA membranes (4.62= 1.68 pg/ml). No difference was significantly higher P < 0.01) than in the respective basal

observed in basal IL-12 release among CON, UR, and PMMﬁ\c.mditior_" _ . . . .
A statistically significant linear relationship was found, un-

der mitogen stimulation, between PBMC IL-12 and IRN-

IL-12 Production by Stimulated PBMC productions ( = 0.404,P < 0.01).

Figure 1 depicts the IL-12 production by PBMC challenged
by mitogen (LPS+ PHA). When stimulated with mitogens, Complement Activation
PBMC harvested from CU released a significantly lower Table 1 shows C3a (as C3a-desArg) plasma concentrations
amount of IL-12 (44.34+ 6.88 pg/ml) than PBMC harvestedin both dialysis patient groups (CU and PMMA) before dial-
from CON (66.0= 3.93 pg/ml,P < 0.02), from UR (68.37 ysis, after 15 min (both at the inlet and outlet of hemodialyzer),
9.12 pg/ml,P < 0.05) or from PMMA (67.75= 7.99 pg/ml, and at the end of the dialysis session. No difference was
P < 0.05). No difference was observed between unstimulatetitained in predialysis values of C3a between patients dialyzed
and stimulated IL-12 production in CU patients; on the corwith CU or PMMA membranes. C3a-desArg concentrations
trary, a statistically significant difference (increase) was olivere significantly increased in all patients after 15 min of
served between the unstimulated (basal) and stimulated contialysis, both at inlet and outlet of hemodialyzer. CU patients
tion in the other groupd.€.,, CON, UR, and PMMAP < 0.01 showed a magnitude of increase, particularly at the outlet of
versusbasal condition). No difference in IL-12 production waglialyzer, that was greater than in PMMA patients. C3a post-
detected among CON, UR, and PMMA after mitogen stimutialysis concentrations for PMMA patients were similar to the
lation. concentrations for predialysis ones; in contrast, cuprophan
patients showed postdialysis values higher than predialysis.
C3a-desArg concentrations at 15 min (samples drawn after
dialyzer) were significantly correlated with PBMC IL-12 re-
lease values under unstimulated conditions=( 0.69, P <
0.01).

IL-12 (pg/ml)

mma (IU/ml)

CON UR CU PMMA

Figure 1. Interleukin-12 (IL-12) production after incubating both S
unstimulated ) and stimulated W) peripheral blood mononuclear Z
cells (PBMC) for 24 h. Results obtained from 10 healthy subjectst
(CON), eight uremic nondialyzed patients (UR), 12 patients dialyzed N o -

with cuprophan (CU) membrane, and eight patients dialyzed with CON UR CU PMMA
polymethylmethacrylate (PMMA) membrane. In unstimulatefigure 2. Interferon (IFN<) production after incubating both un-
PBMC, IL-12 production in CU is significantly greater than in CONstimulated &)and stimulatedll) PBMC for 24 h. Same numbers and
UR, and PMMA @ < 0.01). Under mitogen stimulation, IL-12 abbreviations as in Figure 1. IFMproduction by stimulated PBMC
production is significantly lower in CU compared with COR K s significantly lower in CU than in CON, UR, and PMMAP(<
0.02), UR, and PMMAP < 0.05). In CON, UR, and PMMA, IL-12 0.01). In all groups, the IFN+ production, after stimulation, is sig-
release after mitogen stimulation is significantly greater than in basaficantly higher compared with respective basal conditiéh <
condition P < 0.01), which is not the case for CU. 0.01).




2174 Journal of the American Society of Nephrology J Am Soc Nephrol 10: 2171-2176, 1999

Table 1. C3a-desArg concentrations in 12 patients dialyzeduremic nondialyzed patients. More important, in the patients
with CU membranes and eight patients dialyzed dialyzed with CU membrane, IL-12 supernatant levels after
with PMMA membrane$ mitogen stimulation were not different from the values ob-

tained in unstimulated conditions. These findings confirm pre-

vious studies regarding release of other cytokines (29,30,34),

C3a-desArg (ng/ml)

Time

Cuprophan PMMA and suggest a reduction in the ability of PBMC challenged with
— mitogen to release adequate amounts of this immune-related
Before d'a|)/5'3 _ 195.253 28.64 176.0- 22.14 cytokine in patients dialyzed with CU membranes. Conversely,
After 15 min at inlet  1702.92 116.7 318 51.0°¢ the chronic use of a more biocompatible, less complement-
After 15 min at outlet 4721 437.00 644+ 107.98"  activating membrane may reverse this serious consequence of
After dialysis 342.58 37.2F 245.5+ 26.68 poor dialytic biocompatibility. Zaoui and Hakim (34) have

2Blood samples were drawn before, after 15 min (both at the suggested severallhypotheses to explain this ph_enomenon, such
inlet and outlet of hemodialyzer), and at the end of the dialysis as a downregulation of these recurrently activated cells to

session. Results are given as meaiSEM. CU, cuprophan; synthesize and release cytokines, or an upregulation to synthe-
PMMA, polymethylmethacrylate membrane. size and release antagonist binding proteins (or soluble recep-
P < 0.01versusbefore dialysis. tors) that may bind the cytokines leading to their unavailability.

¢P < 0.05versusbefore dialysis. . - S .
dp < 0.01Y/ersﬂscuproph:anylg-min inlet. IL-12 is a cytokine produced very early during infections or

©P < 0.01versusbefore dialysis and 15-min inlet. immune response that exerts important proinflammatory func-
fP < 0.01versuscuprophan 15-min outlet. tions and promotes enhancement of innate resistance by acti-
9P < 0.01versusbefore dialysis, 15-min inlet and outlet. vating both NK and T-helper cells (35—40).

N .
P < 0.01versusl5-min outlet. T-helper cells may be differentiated, according to the type of

cytokines released, in T-helper type 1 (Th1) and T-helper type

2 (Th2) cells. Th1l cells produce IL-2 and IFN(35-40); Th2
Discussion cells produce IL-4, IL-5, and IL-10 (37,38). IL-12 promotes the

This study demonstrates for the first time that culturedifferentiation of cytokine-producing Thl cells primarily
PBMC harvested from uremic patients dialyzed with a Cthrough its ability to stimulate them for high IFMproduction.
membrane spontaneously release a greater amount of ILi@eed, IL-12 is a potent acute inducer of the IFNgene
than PBMC from healthy subjects or nondialyzed uremic paxpression in both T cells and NK cells (37). In turn, IL-12
tients. These findings demonstrate that blood interaction wislgnthesis is synergistically downregulated by IL-4 and IL-10
new CU membraneper semay activate PBMC to release(41,42), which are also potent inhibitors of the production of
IL-12 and seem to exclude a pathogenic role of uremia on thie proinflammatory cytokines IL-1 and tumor necrosis factor,
activation. In nondialyzed uremic patients, in fact, a spontanieem lipopolysaccharide-activated PBMC (41). Th1 cell differ-
ous PBMC activation was almost absent. In dialysis patientstiation is associated with cell-mediated immunity and affords
these results were obtained on samples drawn before the giatection against intracellular infections. In contrast, the Th2
lytic session, suggesting, in agreement with our previous stumblls elicit high titer antibody responses, provide poor cell-
ies (29,30), that blood interaction with a CU membrane causegdiated immunity, and are often correlated with susceptibility
a prolonged and/or chronic PBMC activation. When examinirtg infection. In healthy subjects, the IL-12 produced during the
IL-12 release from PBMC harvested from another group @iflammatory phase induces differentiation of Thl cells while
patients regularly dialyzed with PMMA membrane, a lesshibiting the generation of Th2 cells (42,43).
complement-activating synthetic membrane, we obtained re-An immunodeficiency state consequent to this cell-mediated
sults similar to those of control healthy subjects as well as mhmune abnormality has been demonstrated by Kenal.
uremic nondialyzed patients. These findings confirm our hy44). These authors, in their murine model (infected with
pothesis that spontaneous release of IL-12 relates to PBNM&ishmani, observed that activation of the IFproducing
activation induced by the CU membrane. The exposure toTal subset resulted in cure and survival, whereas activation of
more biocompatible dialysis membrane, in fact, normalizetle IL-4-secreting Th2 subset resulted in a progressive disease
IL-12 release by PBMC cultured in the absence of mitogemith fatal outcome. A Thl to Th2 switch is also proposed as a
challenge. The changes of C3a concentration confirm previaergtical step in the etiology of HIV infection (45).
results on the different ability of CU and PMMA membranes to The role of IL-12 in stimulating IFNy release is confirmed,
recurrently activate complement (31-33). The statistically sigr our study, by the significant correlation between PBMC
nificant correlation observed between 15 min of C3a conceh-12 and IFN-y release. A reduced IL-12 release, following
tration and IL-12 spontaneous release suggests that the comtogenic stimulation, in uremic patients dialyzed with CU
plement cascade may play a pathogenic role in inducing IL-bf2mbranes might induce a shift toward a Th2 cell response,
synthesis and release by unstimulated PBMC. contributing to a depressed cell-mediated immune response.
We have also evaluated IL-12 release under mitogen stifflis hypothesis is suggested by the lower PBMC Hrigro-

ulation. IL-12 supernatant levels of PHA LPS-activated duction in these patients under mitogen stimulation. Probably
cultures were significantly lower in patients dialyzed with Clihe chronic IL-12 release by unstimulated PBMC may induce
membranes, compared with either control healthy subjectsachronic stimulation of IL-12 target cells with a downregula-
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tion in eliciting IL-12-induced immunologic effects in terms ofder unstimulated state is associated with the absence of re-
T cell proliferation and IFNy production. A downregulation of sponse to mitogenic stimulation, which in turn results in a
T cells, chronically activated by IL-12, may be consistent withreduced IFNy production. It is therefore suggested that the
a downregulation of their IL-12 membrane surface receptoatered release of these cytokines may play a role in cell-
IL-12 cell receptor (IL-12R) is composed of two proteingnediated immunodeficiency of chronic uremic patients dia-
designated as IL-12RL and IL-12R32. These two proteins lyzed with CU membranes and in their susceptibility to infec-

individually may bind IL-12 with low affinity while in com- tion and neoplastic disease.

bination bind IL-12 with high affinity and confer IL-12 respon-
siveness (46—48). This is consistent with the observations
Zaouiet al. (11) on IL-2 receptor (IL-2R). These authors, in
fact, have observed that the CU membrane may have @
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