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ABSTRACT

The immune response requires the coordinated re-

lease of a network of cytokines including interleukin-

I (IL-I), tumor necrosis factor (TNF), and lL-2. The

potential role of the dialysis membrane on the elab-

oration of these cytokines by peripheral blood

mononuclear cells (PBMNC) harvested from hemo-

dialysis patients was investigated in a prospective

crossover study. Eight hemodialysis patients, chroni-

cally dialyzed with a biocompatible membrane,

were sequentially dialyzed for 2 wk with new cupro-

phone membranes (Phase I). 2 wk with a low-flux,

low-complement-activating membrane (Phase II),

and then switched back for a further 2 wk of dialysis

with a cuprophane membrane (Phase Ill). At the end

of 2 wk of exposure to the cuprophane membrane,

during both Phase I and Phase Ill, the ability of PBMNC

to elaborate IL-I�3, tumor necrosis factor-a, and lL-2,

as well as soluble IL-2 receptors, in response to phy-

tohemagglutinin was significantly reduced com-

pared with their respective levels at the beginning

of the phase; dialysis with a biocompatible mem-

brane increased these levels, and at the end of 2

wk, the response of the PBMNC to phytohemaggluti-

nm was close to that in normal controls. These find-

ings may explain some of the conflicting results in

the measurement of cytokine levels in hemodialysis

patients and may have clinical implications.
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I mmune response to antigens depends on the coon-

dinated response of tissue macmophages and cm-

cubating monocytes as antigen presenting cells and

lymphocytes as effectom cells ( 1 ). A crucial element

in this immune response is the elaboration of a net-

work of cytokines. such as interleukin- 1 (IL- 1 ) and

tumor necrosis factor-a (TNF-a), primarily by mono-

cytes and macmophages, and IL-2, by activated T

lymphocytes. After their autocrine activation, T hym-

phocytes express high-affinity IL-2 receptors made

up of the p55 and p’lS chains. Subsequently. the p55

chain is released from these activated lymphocytes

as soluble IL-2 receptors (sIL-2R) (2).

Several studies have examined factors in the di-

abysis procedure that may play a mole in the well-

known immunodeficiency of umemic patients (3).

Those studies were also spurred by the “intemleukin

hypothesis,” which proposed that cytokines may par-

ticipate in the acute, as well as the bong-term, adverse

responses associated with dialysis therapy (4-6).

Many of those studies have focused on the intraceb-

bulam content of cytokines such as IL- 1 or on the

transcriptional process (mRNA) of these cytokmnes

with acute changes in dialysis parameters or mem-

bmanes (7- 1 3). However, the clinical relevance of

these Intracellular changes have not been well doc-

umented.

On the other hand, several studies have reported

measurements of plasma levels of cytokmnes in he-

modlalysis patients. The levels reported in those

studies have been quite variable. These variations

were assumed to reflect the combined direct effects

of the membrane, the extent of complement activa-

tion induced by the membrane. the degree of eosino-

philla, the potential stimulation from endotoxin frag-

ments that can cross from the diabysate to the blood

during clinical dialysis, or possibly, the dialysance of

these cytokines during clinical dialysis (14-22). In

addition, the significance of these plasma bevels has

become more difficult to Interpret because of the

recent characterization of specific endogenous inhib-

Itory peptides for several of these cytokines, includ-

ing IL-iR antagonist and TNF-blnding protein (23).

We undertook a study of the cytokmne response to

mitogens of peripheral blood mononuclear cells

(PBMNC) harvested from eight dialysis patients in a

prospective cross over design study using two differ-

ent dialysis membranes: the cuprophane membrane,

which is known to activate complement, neutmophils,

and monocytes, and a low-flux, biocompatibbe mem-
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brane, the polymethylmethacrylate membrane

(PMMA), (Toray, Tokyo, Japan), which is associated

with modest complement activation and no evident

activation of neutrophibs or monocytes (24,25). Spe-

cificably, we studied the release of IL-1f3, TNF-cr, IL-

2. and sIL-2R in the supemnatants of long-term cub-

tures of PBMNO harvested from the same patients,

before and after the first and sixth exposures to the

two different dialysis membranes, in a crossover de-

sign study.

MATERIALS AND METHODS

Patients

Eight hemodlabysis patients on chronic hemodi-

abysis for 44 ± 24 mo were selected for participation

in this study. All patients were previously dialyzed

with a biocompatible membrane, either the PMMA

B2-2.OH or the Fresenius F-60. The mean age of the

patients was 69 yr (range, 5 1 to 76). None of the

patients had any clinical evidence for an active in-

flammatory disease process or malignancy, and none

were diabetic or had immunogbobubin (Ig) A nephrop-

athy as the cause of their chronic renal failure. None

of the patients were on steroid or immunosuppressive

therapy, and none were on aluminum-chelation then-

apy with desfemnioxamine (which is known to inhibit

tnansfenmin receptor and IL-2R expression) (26). All

patients were on oral 1 ,25-dihydnoxy vitamin D3 sup-

phementation (27). Kinetic modeling is performed

monthly on all patients undergoing chronic dialysis

at the VA hospital. The mean ± SD Kt/V (K, diabyzer

clearance; t, dialysis time; V, volume of distribution

of urea) of the eight patients in the study was 1 .2 1 ±

0.2, and the mean BUN and creatinine levels were 72

± 1 1 and 1 2.8 ± 3.3 mg/dL, respectively. Informed

consent, approved by the Vanderbilt University Med-

ical Center and the Nashville VA Hospital IRB, was

obtained from all participants.

Methods

Study Design. The design of the study was a pro-

spective crossover design. During the first phase of

the study, all patients were dialyzed for six consecu-

tive times (three times a week) with a new cupno-

phane hollow-fiber membrane (GF- 1 20, Gambno,

Lund, Sweden) (Phase I). After 2 wk, the patients

were switched to 2 wk of PMMA (Toray, B2-2.OH)

membrane (Phase II), a low-flux, noncomplementing-

activating membrane; they were then returned for

an additional 2 wk of dialysis with new cuprophane

membranes (Phase III). All other components of the

dialysis prescription were maintained constant. The

diabyzers were not reused during the study period.

Because these dialyzers had similar solute clearance

characteristics, the mean Kt/V, BUN, and creatinine

values were not different during different phases of

the study. All changes in dialysis membrane occurred

after the bong weekend stretch.

PBMNO were harvested from blood drawn predi-

abysis and postdiabysis at the first and sixth (i.e.,

beginning and end of 2 wk) dialysis with each type

of membrane. Predialysis blood was drawn before

the institution of dialysis, and postdiabysis blood was

drawn after the patient was disconnected from the

dialyzer. Control samples, obtained from 1 8 uremic,

nondlabetic, and nondialyzed patients (average

serum creatinine, 7.2 ± 1 .0 mg/dL) and from 12

normal volunteers without known medical problems,

were assessed in parallel.

Isolation of PBMNC. Thirty milliliters of blood was

mixed with equal amounts of Hank’s balanced salt

solution (Gibco, Grand Island, NY) and carefully lay-

emed over Histopaque (Sigma Chemical Co. , St. Louis,

MO) media, allowing gradient density centnifugation.

The mononuclear cell layer was collected and washed

twice with Hank’s balanced salt solution and then

resuspended in RPMI 1 640 supplemented with 2 mM

L-gbutamine (Gibco), 100 U/mb penicillin G, 10 �tg/mb

streptomycin (Sigma), and 1 0% decomplemented,

sterile-filtered, certified fetal calf serum (Gibco).

PBMNC (5 x 1 o� cells/mL) were placed in 24-well

plates (NUNO, New York, NY), incubated for 4 days

at 37#{176}Cin a 5% O02-satunated humidity incubator

(Forma Scientific, Marietta, OH), and activated with

phytohemagglutinin (PHA; Gibco) at a concentration

of 1 % (vob/vol). Maximal expression and release of IL-

2 and IL-2R (PSS) have been shown under these

conditions (28-31). Viability by Trypan blue dye ex-

cbusion was always more than 99% at the beginning

of the culture and more than 90% on the fourth day

of culture.

Cytokine Release by Stimulated PBMNC. Super-

natants of PHA-activated cultures during the three

phases of dialysis, as well as supemnatants of simi-

larby activated cultures of controls, were assayed by

enzyme-linked immunoassay for the presence of IL-

i�3, TNF-a, and IL-2 according to the manufacturer’s

instruction (Genzyme, Boston, MA). The tests are

based on a solid-phase enzyme immunoassay using

the multiple antibody sandwich principle. In brief,

using TNF-a as an example, a mouse monochonab

antibody specific for human TNF-a is used to capture

TNF-a present in the sample; this is followed by the

addition of TNF-a polycbonal antibody, which binds

multiple epitopes on TNF-a, followed in sequence by

a biotin-conjugated goat anti-rabbit IgG and streptav-

1dm-conjugated peroxidase, which acts on a peroxide-

chromogen substrate to produce increased absorb-

ance at 492 nm (26). All determinations were done

In triplicate and averaged for each datum point.

The detection limit of the assay was 20 pg/mL, and

the interassay and Intra-assay reproducibility was

3. 1 %. There was no detectable cross-reactivity be-
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tween IL- 1 , TNF-a, and IL-2. Cultures unstimulated

with PHA had cytokine levels below the detection

limit (<20 pg/mL).

Solubie IL-2Ra Reiease. Supemmatamts of PHA-

stimulated cultures were also assayed for the pres-

ence of soluble IL-2Ra molecules by a sandwich en-

zyme-hinked immunoassay kit (Cellfree; T-cell Sd-

ences, Cambridge, MA). The absorbance values of

standard IL-2R dilution were plotted in a second-

order regression curve with SIGMAPLOT software,

and the resulting fit was used to determine the con-

centratiom of the unknown samples. Interassay var-

iatlon was less than 8%, and the detection limit was

20 IU/mL. Unstimuhated PBMNC cultures had no de-

tectable IL-2Ra release.

Endotoxin Contamination. Supemnatants of cub-

tunes from each of the crossover studies were tested

by a quantitative LAL assay (LAL; QOL 1 000; Whit-

taker Bioproducts Inc. , Wabkersville, MD) and were

always below 2.5 EU/mL.

Statistical Analysis

Comparisons between the different phases of the

crossover study were by the use of multivaniate

analysis for balanced design studies with the BMDP

software package; Aposteriort testing for differences

between specific phases was done by use of the Bon-

ferroni method for multiple comparison adjustments

on all main effect means. Comparison with control

groups was done with the nonpaired t test after test-

1mg for normality.

RESULTS

TNF-a

The TNF-a level in supemnatants of PBMNC was

markedly dependent on the phase of the study in

which it was measured (Table i ). Thus, TNF-a levels

declined from 9 1 3 ± 1 60 pg/mL predialysis at the

start of Phase I (new cuprophane phase) to 264 ± 67

before the sixth dialysis with cuprophame (P � 0.002).

As seen in Figure 1 , when the same patients were

initiated on dialysis with PMMA, the bevels rose to

1 ,066 ± 1 42 pg/ml before the sixth dialysis with

PMMA (P < 0.001 compared with the start of Phase

II but not significant (NS) compared with initial bevel),

only to decline further to 439 ± 1 09 pg/mL predi-

alysis at the end of the third phase (mew cuprophane

membrane). Thus, there was a significant change in

the response of PBMNC within 2 wk (six dialyses) of

dialysis with each membrane.

There was no significant difference In TNF-a levels

between the beginning and end of amy particular

dialysis session, Independent of the dialysis mem-

brane. Prediahysls levels at the beginning of the first

cuprophane phase and levels at the end of the second

(PMMA) phase were not statistically different from

those of normal controls but were significantly

higher than the TNF-a response of PBMNC harvested

from uremic nondiabysis patients (788 ± 1 22 pg/mL;

P = 0.03) (Table 2).

IL-I

As seen In Figure 2 and Table 1 . IL- 1 bevels meas-

ured in the same supermatants generally exhibited

similar behavior, with a decline in the IL- 1 response

of predlalysis PBMNC (activated with PHA) from 564

± 76 pg/mL before the first cuprophane dialysis to

269 ± 6 1 pg/mL before the sixth dialysis with the

new cuprophane membrane (P � 0.0 1 ); this was also

evident during the third phase (new cuprophane di-

alysis) of the study when the IL- 1 level decreased

from 496 ± 90 to 374 ± 74 pg/mL before the sixth

dialysis (P � 0.001). In contrast, during the PMMA

phase, the bevels of IL- 1 rose from 396 ± 1 1 6 pg/mL

at the first dialysis with PMMA to 602 ± 97 pg/mL.

However, this was not statistically significant. In

general, IL- 1 levels did not change significantly from

prediabysis to postdialysis samples. independent of

the membrane used.

There was chose correlation between the ability of

PBMNC to release IL- 1 fi and TNF-a In response to

PHA. This Is shown In Figure 3, whIch plots all values

of IL-1fl and TNF-a in all phases of the study (r =

0.76; P < 0.00 1).

IL-2

Levels of IL-2 released by cultures of PBMNO ob-

tamed from normal controls and activated by PHA

were 1 ,067 ± 1 i 0 pg/mL. At the beginning of the

chronic dialysis with new cuprophane membranes,

the prediabysis IL-2 response by PBMNC was i .037 ±

1 32 pg/mL, not statistically different from normal

controls, but declined to 743 ± 1 1 6 pg/mL postdi-

alysis, as seen in Table 1 and Figure 4 (P < 0.001).

After 2 wk of recurrent dialysis with the new cupro-

phane membrane, the IL-2 concentration in the su-

pemnatant was 733 ± 89 pg/mL (P < 0.03 compared

to pre-first dialysis), and declined further postdi-

alysis to 628 ± 93 pg/mL (P = NS compared to pre-

sixth dialysis). The levels of IL-2 remained low at the

beginning of the PMMA phase, with an IL-2 level of

760 ± 96 pg/mL, but increased postdiahysIs to 1,052

± 1 70 pg/mL (P < 0.03) and remained elevated both

prediabysis (1 ,0 1 5 ± 1 39 pg/mL) and postdialysis

(1 , 1 02 ± i 52 pg/mL) at the sixth dialysis with PMMA.

Again, the bevels at the end of this phase (predlalysis

and post-sixth dialysis with PMMA) were not statis-

tically different from those of normals. When the

same patients were crossed over to new cuprophane

membranes, the IL-2 response of PBMNC gradually

declined, and by the sixth dialysis, both predialysis
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TABLE I . Cytokine concentrations released by PBMNC in response to mitogens (mean ± SD)

1st Dialysis 6th Dialysis

Pre Post Pre Post

Phase I (New Cuprophane Membrane)

TNF (pg/mL) 913 ± 160 938 ± 136 264 ± 670b
369 ± 840b

IL-I (pg/mL) 564 ± 75 451 ± 76 269 ± 6I0b 380 ± 720b

11-2 (pg/mL) 1,037 ± 132 743 ± I 12#{176} 733 ± 890b 628 ± 930b

slL-2R (lU) 3,866 ± 489 2,310 ± 466 2,723 ± 5590b 1,466 ± 6I4#{176}�’

Phase II (New PMMA Membrane)

TNF (pg/mi) 340 ± 100 569 ± 147#{176} 1,066 ± 1420b 1,072 ± 142o.b

li-I(pg/mi) 396 ± 116 413 ± 103 602 ± 970b 527 ± 1230b

li-2 (pg/mi) 760 ± 96 1,052 ± 170 1,015 ± 1390b 1,102 ± 1520b

sli-2R (lU) 1,588 ± 516 1,806 ± 607 3,244 ± 5200b 3,605 ± 6200b

Phase III (New Cuprophane Membrane)

TNF(pg/mL) 953± 121 834± 147 439± 1090b 530± 1130b

li-I (pg/mi) 496 ± 90 472 ± 83 374 ± 74o.b 375 � 730b

li-2 (pg/mi) 972 ± 129 813 ± 122 664 ± 8I0b 696 ± 93a.b

sli-2R(lU) 3,492 ± 685 2,575 ± 663 2.708 ± 528#{176} 1,668 ± 5860b

0 Significantly different (P.c 0.01) compared with pre-Ist dialysis.

b Significantly different (P< 0.01) compared with post-Ist dialysis.

2000

I 750�� �

I 500

TNF-a 250

(pg/mI) �

750�

500�-

PMMA

Figure 1 . TNF-a levels before (open bars) and after (stippled

bars) dialysis during each phase of the study. PBMNC were

isolated at the beginning (1st) and end (6th) of each period

of exposure to different dialysis membranes, and their re-

sponse to PHA was assessed. Error bars represent SE of

patient datum points. CUP, cuprophane.

TABLE 2. Cytokine levels in normal and uremic

patients otter stimulation with PHA

Controls
Uremic

Nondialyzed

TNF(pg/mi) 1,125±201 788± 122

li-1�3 (pg/mi) 623 ± 140 586 ± 72
li-2(pg/mi) 1,167±110 867±103
lL-2Ra(lU) 3,674±520 3,036± 649

fl� �

1st 6th st 6th is? 6th

Figure 3. Correlation between levels of li-1(3 and TNF-a for

all phases of the study for predialysis 0 and postdialysisO.

Some datum points are superimposed (r= 0.76; P< 0.01).
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Figure 4. li-2 levels. Notations are same as for Figure 1.

(664 ± 81 pg/mL) and postdiabysis (696 ± 93 pg/mL)

levels were significantly below levels obtained at the

beginning of the study and at the end of the PMMA

phase (P � 0.01).

Soluble lL-2Ra Release

Supemnatants of PHA-stimulated cultures were also

assayed for soluble IL-2Ra release. The data are sum-

marized in Table 1 . At the beginning of Phase I, PHA

stimulation bed to a marked release of IL-2Ra in the

supemnatant (comparable to normal cells): 3,866 ±

489 IU/mL, immediately before the initiation of pa-

tients on new cuprophane membrane dialysis. How-

ever, after the first dialysis with this membrane,

there was a marked decrease in this release to 2,310

± 466 IU/mL (60% of the predialysis value; P < 0.01).

After 2 wk of dialysis with this membrane, there was

a further decrease In the amount of PHA-induced sIL-

2Ra release in the supemnatants of cells harvested

both predlalysis (2,723 ± 559 IU/mL) and postdialysis

(1,466 ± 6i4 IU/mL) (P � 0.001 compared with pre-

dialysis). These trends were reversed with the initi-

ation of the PMMA dialysis period (Phase II), and by

the sixth dialysis with the PMMA membrane, the

release of 5IL-2Ra after PHA stimulation was not

different from normal values (3,244 ± 520 IU/mL) (P

= NS). The second period of cuprophane dialyses

(Phase III) reduced the release of this receptor subunit

to the same extent as In Phase I.

DISCUSSION

Reported plasma bevels of cytokines such as IL- 1 fi

and TNF-a in hemodlalysis patients have been quite

variable and may be influenced by factors such as

the dialysate composition , endotoxin contamination,

and membrane structure (1 4- 1 6, i 9,20). We there-

fore chose to study the potential effects of the mem-

brane in the same patients dialyzed with membranes

of different complement-activating potential, using

the cytokine response of their mononuclear cells to

standard doses of mitogen.

The experimental conditions for the culture or

stimulation of PBMNC are generally different for dif-

ferent cytokines. In this study. mitogen (PHA) stim-

ulation was used in preference to endotoxin or heat-

aggregated IgG because the latter agents maximally

enhance the transcription as well as the translation

of cytokmnes, and this may mask the potential influ-

ence of the dialysis membranes (32). In addition,

studies have shown PHA to be a good mitogenic stim-

ulus to discern differences in lymphokine production

and proliferative response between PBMNC obtained

from umemic patients and normal controls (33,34),

whereas other studies have shown that Intracellular

and extracelbular concentrations of IL- 1 �3 In PBMNC

cultures equilibrate after 72 h of incubation (35.36).

Finally, the crossover design of the study is such that

Identical culture conditions were used for all phases

of the study, thus mitigating drawbacks associated

with the use of mitogens or hong-term culture for the

study of IL- 1 and TNF.

The results of the study suggests that chronic di-

abysis with new cuprophane membrane leads to the

attenuation of the ability of mononuclear cells to

release immune-related cytokmnes. This is reflected

by the decreased elaboration of IL- lfl, TNF-a. IL-2,

and sIL-2R In supemnatants of PBMNC when chal-

lenged with mitogen. In association with the previ-

ously documented decrease in the ability of lympho-

cytes to express high-affinity IL-2R during chronic

dialysis with the cuprophane membrane, the studies

suggest that the immune response in hemodiahysis

patients may be down-regulated by the chronic use

of this membrane (37). The use of a biocompatible

membrane in the same patient population reverses

these findings to a large extent. These results have

been recently confirmed by the findings of Freidlan-

den et al., who found decreased synthesis of IL-1/.�

and TNF by mononuclear cells in response to endo-

toxin in patients �chronicahhy dialyzed with cellulose

ester diabyzers, compared with patients on the bio-

compatible polysulfone diahyzers; the hatter were not

different from healthy controls (38). Thus, these me-

sults suggest that the interpretation of cytokines 1ev-

cbs in plasma of hemodialysis patients must take into

account the type and chronicity of exposure to a

specific dialysis membrane before their measure-

ment. Although these are not often specified, they

may well be part of the explanation for the conflicting

results of cytokine measurements In hemodlalysis

patients.

The pathophyslobogy of decreased cytokine release

by PBMNC after chronic exposure to cellubosic mem-

branes has not been defined in this study. However,

several hypotheses can be considered. Although O5a

has been shown to be capable of enhancing the tran-

scnlption ofIL- 1 and TNF-a (I.e., “priming of PBMNC”)

(10,39), it is possible that recurrent activation of
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these hong-lived cells may lead to the down-regulation

of their ability to synthesize IL- 1 and/or TNF, similar

to the down-regulation of neutrophib and monocyte

function with recurrent activation (40,4 1 ). Such a

hypothesis Is supported by studies that show high

cytokine levels in plasma and supemnatants of un-

stimulated mononuclear cells harvested from pa-

tients dialyzed with cuprophane membrane, but low

levels in the same cells after stimulation (42-44).

Alternatively, up-regulation of the synthesis of IL-i

receptor antagonist or TNF-bindlng protein may lead

to the unavailability of IL-i or TNF. Finally, recent

data suggest that activated mononuclear cells may

be transiently sequestered in the circulation and may

no longer be part of the circulating pooh of PBMNO

(45). Such explanations remain speculative in the

absence of further experimental data.

IL-2 is released by helper T cells in response to

mitogens or antigens and requires the presence of IL-

1 and/or TNF (34,46). Thus, the decreased IL-2 me-

sponse by lymphocytes may result from decreased

IL- 1 /3 and/or TNF-a synthesis by monocytes, as doc-

umented in this and other studies (44). This is in

agreement with studies that suggest that the basic

defect in the abnormal response by umemic cells me-

sides in the monocytes (47) and that the defective

production of IL- 1 by the monocytes of hemodialysis

patients could explain the how levels of IL-2 in PBMNO

cultures (48). Our observations of a decreased IL-2

response in PBMNC harvested after 2 wk of exposure

to the cuprophane membrane are also consistent

with the observation of Gerez et al. , who showed a

hack of mnducibility of IL-2 mRNA In hemodiahysis

(but not penitoneal) patients. All of their patients were

on a nonmeuse cuprophane membrane (49). Although

our observations were limited to a 2-wk period for

each membrane, it is possible to speculate that the

continued exposure of patients to cellubosic mem-

branes may eventually bead to a (transient) loss of

inducibility of IL-2 mRNA. Finally, this study is also

in agreement with the results of Degiannis et al.,

who found a normal proliferative response and IL-2

elaboration by PBMNC harvested from polysulfone

biocompatible membrane-treated dialysis patients

but not in cupmophane membrane-treated patients

(50).

Release of the soluble p55 component of the IL-2R

follows the autocrine activation of the high-affinity

IL-2R by IL-2 and is a plasma marker of lymphocyte

activation (2,5 i ). The decreased concentration of sIL-

2R with chronic exposure to complement-activating

membranes seen in this study is consistent with our

other findings of decreased IL-2R expression in pa-

tients dialyzed chronically with comphement-activat-

ing membranes. Paradoxically, hemodiahysis pa-

tients have been reported to have increased levels of

sIL-2R (pS5) In plasma (33,52,53). Our results are

not inconsistent with these findings, because theme

appears to be substantial renal clearance of IL-2Ra

(33); thus, even a modest release of sIL-2Ra may lead

to substantial accumulation in patients without me-

sidual renal function.

It Is possible that these observations may have

clinical relevance. IL- 1 has been identified as the

“endogenous pyrogen” and is responsible for the de-

velopment of fever. Decreased elaboration of IL- 1 on

an abnormal functional relationship between IL- i

and IL-2 In response to mitogenic stimuli may well

be the explanation for the decreased febnile response

of some dialysis patients in response to infections

(7). Our observations of decreased IL-2 production

after chronic dialysis with the cuprophane mem-

brane may also be a factor in the defective cellular

immune response in hemodialysis patients, such as

delayed cutaneous hypersensitivity and decreased me-

sponse to vaccines (3,54-56). These observations are

also consistent with the findings by Meuer et al. that

the response of chronic hemodlalysis patients to hep-

atitis vaccine is significantly improved after the in-

fusion of low-dose IL-2 (57). The presence of high

concentrations of sIL-2R In uremic plasma may fur-

ther attenuate the availability of IL-2 by binding to it

and may further contribute to the well-documented

immune defects In uremia in vivo (2,58).

In summary, chronic dialysis with the cuprophane

membrane, which is associated with the activation

of several pathways of the inflammatory response,

leads to an attenuated response of mononuclear cells

to mitogens, as shown by a decrease in the elabora-

tion of IL-1/3, TNF-a, and IL-2. Although this study

did not investigate the role of uremic plasma on these

defects (59), our conclusion is that cytokine produc-

tion and, potentially, the immune response of he-

modialysis patients are modulated by the type and

chronicity of membrane used during dialysis.
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