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Abstract

Weinvestigated impaired cellular immune responses of indi-
viduals on chronic hemodialysis by using monoclonal antibod-
ies that trigger differential pathways of T cell activation. Re-
duced cellular reactivity, which exists in a high proportion of
such patients, can be attributed to a failure of the monocyte
population to support the process of primary T cell activation
in vitro. This defect results in a lack of interleukin 2 produc-
tion, which is critically dependent on a monocyte-derived sig-
nal. In contrast, T lymphocyte function was found to be physio-
logic. Perhaps more important, the degree of monocyte dys-
function in vitro correlated with the same patients' in vivo
responses to hepatitis B vaccination. Addition of recombinant
human interleukin 2 fully reconstituted their deficient immune
response in vitro.

Introduction

Human T lymphocytes can be activated through differential
pathways to express their functional repertoires (1-5). Anti-
gens in context with major histocompatibility complex deter-
minants provide the first signal of the T3-Ti antigen receptor-
mediated mode of T cell triggering, which is, in addition, criti-
cally dependent on accessory cell help (6-8). In contrast, T cell
activation via the T 1 sheep erythrocyte receptor glycoprotein
represents an antigen independent "alternative pathway" that
circumvents a monocyte requirement (5, 8, 9). Besides natural
ligands for these two sets of surface receptors, monoclonal
antibodies exist that are capable of exhibiting ligandlike ago-
nistic effects (3-5, 10).

We investigated in vitro functions of peripheral blood
mononuclear cells from individuals with deficient primary
immune responses in vivo by employing such monoclonal
antibodies (anti-T3, anti-Tl 12, anti-Tl 13) as stimuli. Immu-
nodeficiency in these patients is secondary to chronic renal
failure (1 1-19) and can be quantitated by means of the indi-
vidual capacity to mount a primary immune response to hepa-
titis B vaccine. In this regard, controlled efficacy studies in the
United States and Europe recently demonstrated that a high
proportion of uremic patients fail to respond to otherwise
highly immunogenic vaccines (20-27).

The studies reported below indicate that nonresponsive-
ness to hepatitis B vaccination in this group of individuals
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correlates with a blockade at a discrete step of the T3-Ti anti-
gen receptor mediated mode of T cell activation, whereas the
Tl 1 pathway is unaffected.

Methods

Patients
The 23 patients investigated suffer from terminal renal insufficiency
and are all on chronic hemodialysis. Patients are numbered (1 -23) and
their clinical characterization is as follows (age/sex/total time on he-
modialysis (years)/dialysis time per week (hour)/disease):

1 (71/m/6/13/analgesic nephropathy)
2 (39/f/4/12/diabetic nephropathy)
3 (63/f/6/13/glomerulonephritis)
4 (50/m/5/12/analgesic nephropathy)
5 (37/f/4/I0/nephrosclerosis)
6 (56/m/6/15/polycystic kidney disease)
7 (47/m/7/15/diabetic nephropathy)
8 (61/f/4/13/glomerulonephritis)
9 (55/f/1/13/polycystic kidney disease)

10 (49/f/I0/15/glomerulonephritis)
11 (62/m/l 3/13/glomerulonephritis)
12 (53/m/9/15/glomerulonephritis)
13 (62/m/7/15/analgesic nephropathy)
14 (52/f/4/13/chronic pyelonephritis)
15 (59/m/6/13/amyloid nephropathy)
16 (49/m/8/15/diabetic nephropathy)
17 (58/f/4/13/polycystic kidney disease)
18 (68/m/6/15/hydronephrosis)
19 (24/m/4/12/Alport's syndrome)
20 (42/m/6/15/chronic pyelonephritis)
21 (42/m/13/15/renal tuberculosis)
22 (69/f/ 1/13/polycystic kidney disease)
23 (78/m/4/13/analgesic nephropathy).

Control subjects I-IV were healthy members of the medical staff
(age 30-55; two males, two females). Liver enzymes in all individuals
were normal and no hepatitis B markers were present.

Hepatitis B vaccination
All uremic patients (1-23) had received two intramuscular injections
of hepatitis B vaccine (40 Mg); (controls 20 jig) (Merck, Sharp and
Dohme, GmbH, Darmstadt, FRG) at an interval of 4 wk and a third
injection 6 mo later. Whenno anti-HBs-antibodies could be detected
after 12 mo, a fourth vaccination was administered. If there was no
seroconversion despite the fourth vaccination, a fifth injection fol-
lowed 3 mo later.

Laboratory controls were carried out twice before the beginning of
vaccination and afterwards at intervals of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 12,
18, 21, and 24 mo. HBsAg (Auszyme), anti-HBc (Corzyme), anti-HBs
(Ausab), HBeAg and anti-HBe (Abbott-HBe) were determined with
commercially available test systems (Abbott Laboratories, North Chi-
cago, IL). Sera with positive anti-HBs findings were tested in double
dilutions to the endpoint. The limiting value was considered 2.1 times
to control determinations. The individual persons were rated as posi-
tive when the fourfold limiting value was exceeded. The following
laboratory values were determined each time: serum glutamic oxalo-
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acetic acid transaminase, serum glutamic pyruvic transaminase, y-glu-
tamyl transferase, alkaline phosphate, total bilirubin, IgG, and IgM.

According to anti-HBsAg titers, patients were grouped as follows:

Responders (R).' Seroconversion occurred 12 mo after standard
vaccination; anti-HBs positivity in two consecutive control patients
(13, 16-24).

Nonresponders (NR). At no time point was anti-HBs detectable
(patients 1-7, 22, 23).

Weak responders (WR). Low titers following vaccination (between
two and four times the negative control value); anti-HBs positivity in
one of two consecutive controls (C); no seroconversion after standard
vaccination (patients 8-12, 14, 15).

Derivation and characterization of lymphocyte populations
Heparinized blood was drawn always before the start of hemodialysis.
Peripheral blood mononuclear cells (PBMC) were obtained by density
gradient centrifugation using Ficoll-Paque (Pharmacia Fine Chemi-
cals, Uppsala, Sweden).

PBMCof each individual were analyzed for their reactivity with
monoclonal antibodies by means of indirect immunofluorescence on
an EPICS-C cell sorter (Coulter Electronics, Hialeah, FL).

Reactivities
Anti-T3. All mature T cells: NR, 49.0%-68.7%; WR, 50.2-76.8%; R,
5 1.4-74. 1%; C, 50.8-77.2%.

T4/T8 ratios. Helper/suppressor ratios: NR, 1.6-3.1; WR, 1.5-3.0;
R, 1.7-2.9; C, 1.4-2.6.

Anti-B). Mature B lymphocytes: NR, 7.8-13.8%; WR, 7.6-13.6%;
R, 6.4-1 1.0%; C, 8.6-10.9%.

Anti-Mo2. Monocyte specific: NR, 4.6-10.9%; WR, 3.8-11.8%; R,
4.7-10.4%; C, 5.2-10.7%.

None of these values is statistically significant. However, PBMC
populations of all patients investigated here were within the normal
range as determined on a large control collective in our clinical diag-
nostic laboratory.

Purified T cells and monocytes
Purified T cells were prepared by E-rosetting with sheep red blood cells.
Subsequently, E+ and E- were individually plated onto glass Petri
dishes and incubated overnight at 37°C, 6% CC2, humidified atmo-
sphere in culture medium RPMI 1640 supplemented with 10% fetal
bovine serum, 1%penicillin-streptomycin and 2%L-glutamine (Gibco
Laboratories, Grand Island, NY).

To further deplete monocytes nonadherent E+ cells were further
incubated with monoclonal antibodies anti-12 (28) and anti-Mo2 (29)
(final dilution 1:200 ascites in medium) for 30 min 370, then washed
once and subsequently treated with preabsorbed rabbit serum as a
source of complement for 60 min 37°C in a shaking water bath. After
three washes cells were adjusted to 2 X 106 cells/ml and incubated
overnight in standard culture medium and employed as a source of
purified resting T lymphocytes. Adherent E- cells, incubated onto glass
Petri dishes for 48 h in culture medium were gently removed with a
rubber policeman and employed as a source of monocytes.

Cell viability as determined by trypan blue exclusion was 90%.
Purified T cell preparations were reanalyzed for reactivity with anti-
Tl 1 (T lineage specific) and anti-Mo2 (monocyte specific). Briefly,
anti-Tl 1 reactivity in all cases exceeded 96%and was 99%in 23 of the
27 individuals investigated. Anti-Mo2 reactivity was always in the
range of the negative control.

Lymphokines and mitogens
Recombinant human interleukin 2 (rec I1-2) was a generous gift of
Sandoz (Vienna, Austria). Phytohemagglutinin (PHA-P) was pur-
chased from Wellcome Laboratories (Burgwedel, FRG).

1. Abbreviations used in this paper: C, control; IL-2, interleukin 2; NR,
nonresponders; WR, weak responders.

Monoclonal antibodies
Monoclonal antibody anti-T3 (IgGj) was purified from ascites em-
ploying Sepharose protein A (Pharmacia, Uppsala, Sweden) according
to the method of Ey et al. (30). Subsequently, 3 mgof purified antibody
were coupled to 1 ml of swollen CnBr-activated Sepharose beads
(Pharmacia) (3). Anti-Tl 12 and anti-Tl 13 were produced and charac-
terized as previously described (5) and employed in ascites form. Anti-
Mo2 (29) and anti-I2 (28) were generous gifts of Dr. R. Todd and Dr.
L. M. Nadler, respectively (Dana Faber Cancer Institute, Boston, MA).
Other monoclonal antibodies were purchased from Coulter Elec-
tronics (Krefeld, FRG). All monoclonal antibodies were employed at
predetermined saturating concentrations.

Proliferative assays
i X I01 responder cells were incubated in the presence or absence of 5%
adherent cells (6,000 rad irradiated) in round bottomed microtiter
wells (Costar, Cambridge, MA) in 200 j1 of final culture medium
RPMI 1640, supplemented with 10% fetal bovine serum (Gibco Labo-
ratories, Paisley, Scotland), 1%penicillin-streptomycin (10,000 U/ml)
and 2%L-glutamine (200 mM) (Gibco). After 3 d of in vitro culture,
wells were individually pulsed with 1 pCi of [3H]thymidine for 16 h
and mashed employing a Titertek cell harvester (Flow Laboratories,
Meckenheim, FRG). [3H]Thymidine uptake was measured in a liquid
scintillation spectrometer (Packard Instruments Co., Inc., Downers
Grove, IL). All results are expressed as means of triplicate cultures.

The various stimuli (anti-T3-Sepharose, anti-Tl 12+ anti-Tl 13 and
PHA-P) were employed at concentrations that mediated comparable
levels of (3H]thymidine uptake when titered on healthy control indi-
viduals.

Expression of IL-2 receptors
2 X 105 T cells/sample prepared and pretreated as described in Table 2
were incubated with 5 1 of 251-interleukin 2 (purchased from Amer-
sham Laboratories, Buckinghamshire, England) (- 1 X 106 cpm) for 1
h at 4°C. Subsequently, individual samples were washed three times
with cold medium. Prior to analysis in an LKB gamma-spectrometer,
cells were transferred into fresh tubes. To distinguish specific from
nonspecific IL-2 binding '25I-IL-2 in the presence of an anti-IL-2 re-
ceptor antibody at saturating concentrations was investigated. It
should be noted that due to the very limited numbers of cells that could
be obtained from dialysis patients and the need to perform, in parallel,
phenotypic, functional, and IL-2 binding studies it was not possible to
perform extensive IL-2 binding experiments.

To investigate expression of the Tac antigen (IL-2 receptor) mono-
clonal antibody 1 HT4 4H3 (kindly provided by Dr. Ellis Reinherz,
Dana Farber Cancer Institute, Boston, MA) was employed in saturat-
ing concentrations (ascites 1/1,000). Samples were developed with goat
anti-mouse Fab'2 FITC (Coulter) and analyzed on an EPICS C cell
sorter.

It should be noted that the in vitro experiments were performed
blindly, i.e., the clinical characterization of the various patients with
regard to their in vivo immune responses (see above) were not known
to the laboratory investigators. Not until all in vitro results had been
obtained the comparison with in vivo responses to hepatitis B virus
(HBV)-vaccination was performed. Moreover, the in vitro experiments
were repeated under identical conditions from patients 4, 5, 10, 13, 19,
23, and the control individuals - 2 mo and again 9 mo after their
initial characterization with reproducible results. Moreover, 17 mo
after the initial experiments were performed, T cells and monocytes
from donors 2, 4, and 17 and control II were investigated with regard to
function and IL-2 receptor expression. The functional results were
comparable with the original data collected (see Figs. 1 and 3). It is of
interest to note that in the case of patient 18, initially found to be a
responder in vivo and in vitro, an in vitro NRsituation was detected 17
mo later. Coincidentally, this patient turned anti-HBs negative and,
several months later, HBsAg positive (carrier).
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Results

In the present study we have investigated 23 uremic patients
on chronic hemodialysis and a group of healthy individuals
with regard to cellular immune responses in vitro. All individ-
uals had been vaccinated against hepatitis B prior to the
present analysis (21) and grouped according to their anti-HBs
serum titers as, respectively, R, WR, and NR(see Methods).

Given this inability of the two latter groups to mount a
physiologic primary immune response in vivo, we investigated
how their T lymphocytes respond to an antigenlike stimulus
(i.e., anti-T3 in Sepharose-linked form: S-anti-T3) (3). This
monoclonal antibody is directed at a nonpolymorphic subunit
of the human T3-Ti antigen receptor complex and can exhibit
functional effects that are indistinguishable from those me-
diated by the natural ligand of T3-Ti, namely antigen itself. As
shown in Table I, S-anti-T3 alone was not mitogenic for rest-
ing T lymphocytes. However, in the presence of 5% irradiated
autologous monocytes, proliferation to S-anti-T3 could be de-
tected. Perhaps more important, the levels of [3H]thymidine
incorporation were found to be very distinct among the pa-
tients investigated. Thus, whereas patients 4 and 5, representa-
tive for a group of 7 NRs to vaccination mounted little if any
responses, WR13 and 10 had reduced but detectable re-
sponses and [3H]thymidine uptake of T lymphocytes from
patients 19 and 23 appeared to be comparable to the healthy
control individuals investigated (I, II). It should be noted that
patient 19 was a vaccine responder, whereas patient 23 was a
nonresponder. Additional but less pronounced differences
among these patients existed regarding in vitro responses after
PHAstimulation (Fig. 1).

Lymphocyte proliferation after antigen-like stimuli is
known to be dependent on an efficient interaction between T
cells and monocytes (6-8). Therefore, we investigated whether
impaired responses of dialysis patients to S-anti-T3 stimula-
tion were due to a defect either at the level of T lymphocytes or
monocytes, or both. Thus, T cells from each patient were indi-
vidually combined with monocytes (5%) from a healthy indi-
vidual and stimulated with S-anti-T3. As shown in Table I,
fifth line, proliferative responses were obtained in all patients
under these conditions. In contrast, no significant differences
could be observed whether autologous or "healthy" irradiated
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Figure 1. Ratios for anti-T3 stimulation (.) and PHA-stimulation (o)
of patients grouped according to their in vivo response after hepatitis
B-vaccination. (o) PHAratios and (i) anti-T3 ratios of two addi-
tional nonresponders; patients 1-23, controls I-IV. Ratios were cal-
culated as follows: cpm [3H]TdR uptake in the presence of "healthy"
monocytes/cpm [3H]TdR uptake in the presence of autologous
monocytes.

monocytes were added to the T cell population of healthy
controls and uremic responders to vaccination (e.g., pa-
tient 19).

This result supports the view that impaired monocyte
function may exist in a high proportion of uremic patients. In
contrast, T cell function appeared to be physiologic. To further
substantiate the former point, purified T cells from a healthy
control person were individually incubated with monocytes
(5%) from each uremic patient, and subjected to anti-T3 stim-
ulation. As shown in Table I, seventh line, monocytes from
patients who failed to support T cell blastogenesis in the autol-
ogous combination functioned much less well in supporting
blastogenesis of "healthy" T lymphocytes than did monocytes
from individuals with a normal response to anti-T3 stimula-
tion.

Table L In Vitro Reactivities of T Cells after Triggering with Sepharose-anti-T3

Patient Patient Patient Patient
Responder cells Stimulus Patient 4 Patient 5 13 10 19 23 I* II*

T cells Medium 246$ 624 707 544 481 374 320 916
T cells S-anti-T3 332 290 1.030 640 1.572 910 933 1.211
Tp~tket + M~patkt Medium 379 622 756 243 55 289 789 245
Tpsdiet + MOpaWt S-anti-T3 1.569 2.214 6.963 8.304 23.731 15.123 15.123 23.855
Tpaknt + Mch.Mhy S-anti-T3 20.961 14.466 19.136 18.894 22.457 16.894 14.987 24.888
anti-T3-ratio 13.4 6.5 2.8 2.2 0.9 0.9 1.0 1.0
Thmy + Wpaknt S-anti-T3 8.307 6.055 12.194 13.794 25.337 30.000 15.123 24.888

* In the case of healthy control individuals, autologous T cells and MOwere recombined. tcpm 3H-thymidine incorporation (means of tripli-
cate values; SD < 18%). In vitro responses of T cells and monocytes of six representative patients and healthy control individuals. 101 purified
T lymphocytes/well (total volume 200 Al) were incubated alone or in the presence of 5%irradiated monocytes (derived as indicated) for 72 h
followed by a 16-h pulse with I gCi of [3H]thymidine/well. Proliferation was determined by means of [3H]thymidine incorporation. Anti-T3
ratios were calculated as described in the legend to Fig. 1. Note that when T cells and monocytes were derived from different individuals (lines
S and 7), [3H]thymidine uptake of unstimulated cultures never exceeded 3.500 cpm (not shown in the table).
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Clonal T cell expansion directed by antigen occurs by
means of the IL-2 receptor system (31-35). It follows that a
deficient proliferative response can be due to either impaired
IL-2 receptor expression, reduced IL-2 production, or both.
Given the relation of the T3-Ti antigen receptor to the IL-2
receptor (10), expression of functional IL-2 receptors on T
cells can be determined by means of acquisition of IL-2 re-
sponsiveness after antigen-receptor stimulation. To investigate
this point, purified populations of T lymphocytes of the var-
ious patients were obtained and incubated in the presence or
absence of S-anti-T3. The extent of in vitro proliferation to a
constant dose of recombinant IL-2 (rIL-2) (2 ng/ml) was then
taken as an indication for the capacity to express functional
IL-2 receptor molecules. As shown in Fig. 2, the capacity of T
cells to respond to IL-2 after this antigenlike stimulation was
markedly enhanced in most patients with impaired responses
to anti-T3 stimulation (compare Table I and Fig. 1) (NR
and WR).

Given these very differing proliferative responses to a con-
stant concentration of exogenous rIL-2 after T cell receptor
triggering, it was necessary to investigate IL-2 receptor expres-
sion by T lymphocytes from representative vaccine responders
and nonresponders. To this end, purified T lymphocytes were
obtained from patients 2 (NR), 4 (NR), 17 (R), and control II
(R). Expression of IL-2 receptors was determined by means of
binding of anti-IL-2 receptor antibody to the cell surface (Fig.
3) as well as binding of 1251I-labeled IL-2 (Table II) at various
time points. As demonstrated, a markedly enhanced expres-
sion of IL-2 receptors by NRT lymphocytes was detectable in
both in vitro systems. This was particularly obvious when cells
were investigated on day 3 after incubation with S-anti-T3 and
low concentrations of rIL-2 (2 ng/ml) were noted.

To further exclude that reduced IL-2 production was in-
deed not due to a defect at the T cell level we investigated, in
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Figure 2. Acquisition of IL-2 responsiveness by purified T cells fol-
lowing antigen-receptor triggering with anti-T3-Sepharose. Results
are expressed as stimulation index: cpm [3H]TdR uptake with IL-2
(2 ng/ml) and anti-T3-Sepharose/cpm [3H]TdR uptake with IL-2
alone.
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Figure 3. Surface binding of anti-IL-2 receptor antibody IHT4 4H3
by T lymphocytes from vaccine responders (patients 17 and C II)
and nonresponders (patients 2 and 4). Purified T cells were incu-
bated with Sepharose-anti-T3 and rIL-2 (2 ng/ml) for 3 d at 370C, 7
CO2prior to analysis on an EPICS C cell sorter. Two histogram
comparisons were performed employing an Immuno-Program
(Coulter). (Under these experimental conditions, Tac expression on
day 3 is rather low on T cells from healthy individuals. E.g., control
II: day 0: 6.4% above background, (a.b.); day 1: 5.1% a.b.; day 3 (see
Fig. 3, B): 11.9% a.b.

addition, the proliferative responses of T lymphocytes to trig-
gering via the "alternative pathway" of T cell activation (5).
Although this pathway is engaged via a T cell antigen-receptor
unrelated glycoprotein (T I 1), proliferation is dependent on an
intact IL-2/IL-2 receptor system as well. However, Tl 1 trig-
gering induces both IL-2 production and IL-2 receptor expres-
sion in the absence of monocyte help (5, 8). As shown in Fig. 4,
"alternative pathway" triggering by monoclonal antibodies re-
sulted in comparable levels of [3H]thymidine incorporation in
all patients and control individuals tested.

Given that defective IL-2 production was most likely un-
derlying nonresponsiveness to S-anti-T3, in a final set of ex-
periments we investigated whether addition of recombinant
human IL-2 was capable of circumventing this NRstate. To
this end, T cells and autologous monocytes of each patient
were incubated with S-anti-T3 and proliferation determined in
the presence or absence of rIL-2. Table III gives representative
experimental results of two nonresponders (patients 5 and 6)
and one responder (patient 19). As shown, rIL-2 completely
restored the deficient proliferative response, whereas addition
of the same low concentration of rIL-2 in the case of the re-
sponder (patient 19), produced only a weak if any additional
mitogenic effect.
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Table II. Binding of 1251-IL-2 to T Cells
from Nonresponders and Responders

Patient 2 Patient 4 Patient 17 CII

TR 292* 275 268 348
TR + anti-IL-2R 252 234 217 184

TR + S-anti-T3
(day 1) 447 n.t. 321 244

TR + S-anti-T3
+ anti-IL-2R 180 n.t. 281 224

TR + S-anti-T3
(day 3) 1,032 2,266 466 616

TR + S-anti-T3
+ anti-IL 2R 327 368 265 349

n.t. = not tested
* cpm '251_IL-2/105 cells
T cells were obtained and treated as described in Methods. Values
represent means of duplicates (standard variation < 25%). Whenthe
same type of analysis was performed employing cells of a human al-
loactivated T cell line, (> 2 moin culture) the following values were
obtained: Cells + '23I-IL-2: 3,191 cpm; Cells + anti-IL-2R + 1251_IL.
2: 435 cpm. Although not shown, anti-T3 monoclonal antibody did
not inhibit '251-IL-2 binding. The same cells were examined with re-
gard to expression of the Tac-antigen by means of indirect immuno-
fluorescence employing an anti-Tac monoclonal antibody. These re-
sults are demonstrated in Fig. 3. Note that these experiments were
performed in the absence of monocytes (compare Fig. 2).
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Figure 4. In vitro responses of purified patient T cells after stimula-
tion with anti-Tl 12 and anti-Tl 13. Results are expressed as stimula-
tion index: cpm [3HJTdR uptake of T cells plus anti-Tl 12 + anti-
Tl 13/cpm [3HJTdR uptake of T cells plus medium. The concentra-
tion of anti-Tl 12 and anti-Tl 13 employed mediated comparable
amounts of [3H]TdR uptake as PHAand anti-T3-Sepharose in the
case of healthy individuals. Note that patient 7 was not tested in this
experiment. Individuals V-VII are three additional controls.

Discussion

With the advent of monoclonal antibodies directed at unique
T cell differentiation antigens, new strategies to probe cellular
immune responses have evolved. Unlike lectins, which medi-
ate multiple and complex effects, monoclonal antibodies di-
rected at defined T cell surface structures and known to selec-
tively inducing differential pathways of T cell activation (3, 5)
can now be employed as probes to define, in much greater
detail, a given individual's cellular immune function. In the
present study we have utilized mitogenic monoclonal antibod-
ies directed at the, respectively, T3-Ti antigen recognition
complex of human T lymphocytes (1-3, 10) and the T lineage
specific TI 1 cell surface glycoprotein (5) in order to investigate
the cellular basis of impaired immunologic responsiveness in
patients undergoing chronic hemodialysis. Responses of the
same patients to hepatitis B vaccination, as determined in a
clinical vaccination trial (21), were utilized to judge the valid-
ity of the in vitro data obtained.

After activation of monocyte-reconstituted T lymphocytes
by S-anti-T3, a reagent that is known to mediate an antigenlike
signal (3), a high proportion of patients with impaired re-
sponses to vaccination presented with deficient in vitro prolif-
eration as compared to healthy control individuals and uremic
vaccine responders (Table I, Fig. 1). This defect appeared,
however, not to be due to abnormalities at the level of the T
cell but rather to a profound incapacity of such patients'
monocytes to support the process of primary T cell activation
(Table I and Fig. 1). Perhaps more important, a striking corre-
lation between monocyte dysfunction in vitro and the in vivo
response to hepatitis vaccination was found. Thus, only 2 of
the 27 individuals tested, namely patients 22 and 23, were
nonresponders to vaccination in spite of an apparently "nor-
mal" cellular immune function in vitro (Fig. 1, Table I). It
should be noted that even among healthy individuals a nonre-
sponder rate of - 5% has been reported. This indicates that
defects other than those investigated here can lead to nonre-
sponsiveness after exposure to particular foreign antigens.
However, at least with regard to immunodeficient uremic pa-
tients, deficient monocyte function is a likely explanation in
the majority of cases.

In a previous study regarding cellular immune functions of
uremic individuals deficient T lymphocyte responses were ob-
served (19). These experiments were performed employing un-
separated T cells and monocytes and, therefore, as discussed,
the reasons of reduced cellular proliferation and IL-2 produc-
tion by T lymphocytes remained unclear. Nevertheless, these
earlier results are in line with the present data, which demon-
strate reduced T cell activities as a consequence of monocyte
failure.

One contribution of monocytes in the generation of a pri-
mary immune response is believed to be the secretion of IL- 1.
With this regard, a number of recent reports suggested that
anti-T3 monoclonal antibodies plus IL-I can synergize in in-
ducing T cell proliferation (8, 36-38). It is of interest to note
that in preliminary studies addition of IL-I to untreated as well
as S-anti-T3 triggered T cells was not capable of substituting
for "healthy" monocytes in vitro. This finding requires further
extensive investigation but may indicate that monocyte func-
tion with regard to TR cell activation is not restricted to pro-
viding IL-1.
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Table III. Circumvention of Nonresponsiveness In Vitro by Addition of HumanIL-2

Responder cells Stimulus Additive Patient 5 Patient 6 Patient 19

Tpgtket + Moptieot Medium Medium 1.895* 1.192 1.419
Tp't"'t + MOpmjent S-anti-T3 Medium 2.214 4.898 23.731
Tpfltnt + M4h~thy S-anti-T3 Medium 13.466 28.192 22.457
Tp ti + MOptimt Medium rIL-2 2.669 2.957 2.158
Tp.ti..t + M4ptj,,t S-anti-T3 rIL-2 27.345 36.089 29.523

* cpm [3H~thymidine incorporation (SD . 16%) i05 purified T lymphocytes were incubated with 5 X 103 irradiated monocytes and prolifera-
tion determined in the standard culture system (Methods). Recombinant human IL2 (rIL-2) was employed at a final concentration of 2 ng/ml.
Analogous experiments were performed with T cells and monocytes from all 27 individuals (patients 1-23; control individuals I-IV) (see also
Fig. 2). It should be noted that addition of autologous monocytes did never negatively influence T cell responses to IL-2. Moreover, no differ-
ences were observed when unseparated PBMCand recombined purified T cells and monocytes were investigated in parallel.

Besides the finding that T cells from uremic nonresponders
to vaccination reacted in a normal fashion to alternative path-
way stimulation (Fig. 3), the expression of IL-2 receptors that
critically determines the extent of clonal T cell expansion after
an antigenic stimulus (10), occurred even stronger the more
immunodeficient the respective patients presented in vitro and
in vivo (Fig. 2, 3 and Table II). One explanation for this find-
ing is that uremic patients indeed suffer from low levels of
endogenous IL-2 and, therefore, a feedback mechanism that
controls IL-2 receptor expression may not be functional in a
physiologic fashion. This conclusion is supported by our re-
cent finding that T cells from uremic patients, when stimu-
lated with mitogens or alloantigens, produce significantly less
IL-2 (19). Given that monocytes are critically required for IL-2
production but not for IL-2 receptor expression in the course
of primary immune responses (8), monocyte failure can ex-
plain the profound incapacity of elaborating sufficient
amounts of IL-2 with the consequence of immunodeficiency
in vivo. That addition of recombinant human IL-2 fully re-
constituted the abnormal proliferative responses of nonre-
sponder lymphocytes after antigen-receptor triggering pro-
vides further support for this view (Table II).

Most recently, we have investigated cellular immune func-
tions of 9 HBsAg carriers on hemodialysis. Interestingly, each
single individual presented with parameters that appear to cor-
relate with nonresponsiveness to vaccination as observed here
(Fig. 1 and Fig. 2). In all cases, enhanced functional T cell
responses to rIL-2 were accompanied by strong expression of
the Tac antigen following T cell receptor triggering and expo-
sure to rIL-2 (compare Fig. 3).2

Given the enhanced sensitivity of such patients' IL-2 re-
ceptor system (Fig. 2 and 3), complete reconstitution was
achieved with doses of IL-2 that, in the case of lymphocytes
from healthy individuals, did not produce additional stimula-
tory effects (Table III). Moreover, these experiments may be
taken as evidence for the notion that nonresponder monocytes
do not actively inhibit T cell activation. Although not shown,
identical data were obtained employing autologous serum sup-
plements to the in vitro system, indicating that soluble inhibi-
tory activities are likely not related to the observed immunode-
ficiency.

Therefore, based on the present analysis, addition of IL-2
during vaccination may represent a useful strategy to circum-

2. Meuer, S. C. Manuscript submitted for publication.

vent the nonresponder state in vivo and perhaps improve on
the overall immunodeficiency known to exist in patients with
chronic renal failure.
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