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A B S T RA C T Abnormal granulocyte chemotaxis has
been described in chronic hemodialysis patients. In
this study, sera from 53 hemodialysis patients were
tested for chemotactic inhibitory activity by a modified
Boyden technique. Chemotactic inhibitory activity,
defined as >20% inhibition of normal granulocyte
chemotaxis, was found in 45% of patients. Only sera
from patients having undergone >3 mo hemodialysis
displayed chemotactic inhibitory activity and retained
this inhibitory activity when retested 9 mo later. Four
of five patients who had initially undergone <3 mo
hemodialysis and lacked serum chemotactic inhibitory
activity developed inhibitory activity when tested 9 mo
later. Clinical evaluation of patients with serum chemo-
tactic inhibitory activity showed that these patients did
not have a significantly increased incidence of infection,
although a trend toward decreased mortality during the
time of study was observed (P = 0.0721).

Serum chemotactic inhibitory activity was heat stable
at 56°C for 30 min and concentration dependent. The
major inhibitory component was found to have a
sedimentation coefficient of 4S by sucrose density
gradient centrifugation. The chemotactic inhibitory
activity was not precipitated by 30% ammonium
sulfate, but was partially precipitated by 50%ammonium
sulfate.

Inhibitory sera effectively suppressed neutrophil
migration in response to chemotactic C5 fragment and
Escherichia coli derived chemotactic factor but was
least effective in a system mediated by casein. Further-
more, normal neutrophils preincubated in hemodialysis
patient sera displayed normal chemotactic responsive-
ness indicating a lack of cell-directed inhibition. Serum
fractions that contained the inhibitor were found to
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directly act on the chemotactic C5 fragment, reducing
its chemotactic activity. This study indicates that a
circulating 4S, heat-stable, factor-directed inhibitor of
granulocyte chemotaxis is present in the sera of many
hemodialysis patients and probably results from the
hemodialysis procedure.

INTRODUCTION

An increased incidence of infectious complications has
been associated with both nondialyzed chronic renal
insufficiency (1, 2) and chronic hemodialysis (HD)1
(3, 4). Granulocyte abnormalities involving phago-
cytosis (5-7), in vitro random mobility (8), granulocyte
adherence (9, 10), and chemotaxis (11-15) have all
been reported in these patients. Chemotactic abnor-
malities have included suppressed cellular responsive-
ness (12-15) and diminished ability to generate
chemotactic factors in the serum (11, 12). In 1975, Baum
et al. (13) reported that up to 40% of nondialyzed
uremic patients had a polymorphonuclear leukocyte
(PMN) cellular chemotactic defect that could be
improved with from 3 wk to 3 mo of maintenance
HD. Cells from 6 to 15 (40%) uremic patients had
subnormal chemotactic indices, whereas those from 22
HDpatients fell within the normal range. The chemo-
tactic defect was not temporally related to the HD
procedure. Generation of endotoxin-induced chemo-
tactic factors and hemolytic complement levels were
normal in the sera of the HDpatients. In 1976, Salent
et al. (12) reported depressed cellular PMNchemotaxis
in 8 of 11 HDpatients as well as decreased chemotactic
activity in endotoxin-activated sera in 9 of 11 patients.
These defects did not parallel increased serum levels

1Abbreviations used in this paper: CD, complement-
derived, CIA, chemotactic inhibitory activity; HBSS, Hanks'
balanced salt solution; HD, hemodialysis; HPF, high-power
field, PMN, polymorphonuclear leukocyte(s).
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of urea nitrogen or creatinine nor were they affected
by underlying etiologies of renal disease. Studies by
Greene et al. (14) and Bjorksten et al. (15) showed
further depression of PMNchemotactic responsiveness
after HD treatments, without the presence of a
circulating plasma inhibitor. All four of these recent
studies have reported an intrinsic PMNchemotactic
defect in a portion of HD patients (12-15), whereas
only one study has demonstrated a serum defect (12).
In the present study, we present evidence for serum
chemotactic inhibitory activity (CIA) in HDpatients.
Furthermore, serum CIA may result from the HD
procedure itself.

METHODS

Subjects. Serum was obtained from 53 patients under-
going HD. Samples of whole blood were obtained from a
peripheral vein or through HDtubing immediately before HD,
before any heparin had been introduced. All sera were
rapidly separated from clotted specimens and stored at
-70°C. Sera from nine of these patients were obtained
immediately before and 4 h after HD.

Cell preparations. PMNwere prepared from heparinized
whole blood (0.01 U heparin/1.0 ml whole blood) by Plasmagel
(HTI Corp., Associate Biomedic Systems, Inc., Buffalo, N. Y.)
erythrocyte sedimentation (0.2 ml Plasmagel/1.0 ml whole
blood) and Ficoll-Hypaque gradient centrifugation (Ficoll,
Pharmacia Fine Chemicals, Piscataway, N. J.; Hypaque,
Winthrop Laboratories, New York) (16). The cell pellet that
contained granulocytes was subsequently washed and
resuspended in Hanks' balanced salt solution (HBSS) to a
concentration of 7.0 x 106 cells/ml. Cell preparations in our
study were >95% PMN.

Chemotactic factors. Fresh serum was incubated over-
night at 4°C with 1 M epsilon amino caproic acid. The
following day, serum complement was activated with baker's
yeast to generate the low molecular weight chemotactic C5
fragment according to the method of Vallota and Muller-
Eberhard (17). This preparation was subsequently passed
though a PM30membrane (Amicon Corp, Lexington, Mass.),
which excluded molecules with a mol wt of >30,000, and
allowed passage of chemotactic C5 fragment. This preparation,
referred to as complement-derived (CD) chemotactic factor,
was then titrated in the chemotaxis assay as described
below to give -200 PMN/high power field. The chemotactic
activity ofthis preparation was 98% inhibited by anti-human C5.

A 20% saturated solution of casein in minimum essential
medium with Eagle's salts or a 10% solution of bacterial
derived chemotactic factor were also used to stimulate
chemotaxis (18). Bacterial factor was prepared by culturing
Escherichia coli K12 bacteria in minimum essential medium
with Eagle's salts for 24 h followed by removal of bacteria
by filtration.

Chemotaxis assay. A modification of the Boyden technique
with 5-,um pore size membranes (Sartorius Filters, Inc., S. San
Francisco, Calif.) to separate the upper cell suspension
compartment and the lower chemotactic factor compartment
was used to assess PMNchemotaxis (16). The PMNsuspension,
0.4 ml at 7.0 x 106 PMN/ml, was placed in the upper compart-
ment and chemotactic factor plus a 10% serum test sample
in the lower 0.25 ml compartment. Chemotaxis was allowed
to proceed for 2 h at 37°C, after which membranes were
fixed in formaldehyde, stained with hemotoxylin, and
mounted on microscope slides. The number of PMNmigrating

to the distal side of the membrane was counted in five
x400 high-power fields/membrane and averaged. Each sample
was run in duplicate. In those assays testing pre- and post-HD
sera from the same patient, the same donor cells were used.

In the PMNchemotaxis assay, 0.1 ml of test sera was
added to 0.9 ml of the CDchemotactic factor-HBSS solution.
This solution was placed in the 0.25 ml lower compartment
of the chemotaxis chamber. In controls that lacked test sera,
only the CDchemotactic factor solution was used in the lower
chamber. The effect of test sera on the system was expressed
relative to this simultaneously run control. The mean number
of PMNper high-power field (HPF) ±1 SD for the control
values with CDchemotactic factor was 189.7±90. Values for
each control and test sample had to be within 20% of the
mean of the duplicate membranes for the assay to be con-
sidered valid.

Ammonium sulfate treatment. Test serum samples were
salted out at varying percentages of ammonium sulfate
(NH4SO4) and centrifuged at 10,000 rpm for 10 min. Super-
nates were collected and precipiates were washed with the
appropriate concentration of NH4SO4 and resuspended to
original volume in phosphate-buffered saline. These samples
were then dialyzed for 24 h at 4°C against multiple changes
of phosphate-buffered saline. The soluble and precipitating
fractions were tested for CIA.

Sucrose density gradient centrifugation. Sucrose density
gradients (5-20%, 4.8 ml) were used to separate whole serum
from HDpatients (16). In each case 0.2 ml of a 1:3 dilution
of whole serum was layered onto the gradients, which were
then centrifuged at 100,000 g for 16 h in a Beckman L-2B
ultra-centrifuge (Beckman Instruments, Inc., Fullerton, Calif.).
Gradients were tapped from the bottom and divided into
15 fractions. Simultaneous gradients were run with ovalbumin
and human immunoglobulin (Ig)G as markers. Fractions were
dialyzed against HBSS and tested for CIA. In each case,
chemotactic factor was added directly to the fraction,
incubated at 370C for 15 min, and placed in the lower
compartment of the chemotactic chamber.

RESULTS

CIA in HDpatient serum

Sera from 53 HDpatients and 10 normals were tested
for CIA with normal adult PMNas indicator cells
(Fig. 1A). Chemotactic responses to test sera were
expressed as the percent inhibition when compared to
responses obtained with the control CD chemotactic
factor alone. 20% or greater inhibition was considered
meaningful in this assay system because laboratory
controls under similar conditions with 30 normal sera
never suppressed CDchemotactic fragment-mediated
chemotaxis by >20% (mean inhibition, 1.5±5%). 24
(45%) of the HDpatient sera displayed >20% inhibition
of PMNchemotaxis, with nine (17%) showing greater
than 50% inhibition. Tests with 10 normal sera showed
no CIA. Although a subpopulation of HD patients
existed in which no inhibition was observed, the mean
inhibition of the total HD patient population (CIA,
21%) was significantly greater than for normal subjects
(P < 0.005 by the Mann-Whitney U test). Excess
quantities of chemotactic factor in patients' sera could
potentially "deactivate" PMN, resulting in a suppressed
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chemotactic response. When
marked CIA were tested fi
serum chemotactic activity v
of fresh patient serum alone
these samples was markedly I
normal serum controls, (51
patient sera vs. 116+35 cell
controls). Furthermore, when
sera were titrated by twofc

individual patients, no significant difference by
paired t test analysis was observed between pre-
(mean CIA, 34%) and post-HD (mean CIA, 34%)
samples. This suggested that a single HDprocedure
did not consistently increase or decrease CIA.
Information regarding the number of months each

* * patient had undergone HDwas available for 49 of the
53 HDpatients. These were grouped with respect to

* * duration of HD to see if multiple HD procedures
might alter the serum CIA (Fig. 2). A significant

.~±.. difference (P < 0.05) by chi-square analysis was found
between those 12 patients undergoing HD less than
3 mo (mean CIA, 1%) and those 37 on HD for longer

* than 3 mo (mean CIA, 24%). Sera from 21 of the latter
_-+ + 37 patients (57%) displayed CIA, whereas sera from*~@isP |t sDbk§HA "i ti" the 12 patients with <3 mo HD, failed to inhibit

Otabete Pautiet Patiet. chemotaxis. 9 moafter the initial testing we resampled

~rum CIA in 53 HDpatients and tested the eight patients who initially had marked
)mparison of serum CIA in CIA and five patients who had initially been on HD
) patients with both diabetic <3 mo without demonstrable CIA (Fig. 3). Wefound
ve HD patients. The mean that all sera from patients initially displaying CIA
ups of patients were 21.5, retained it, and that 4 of the 5 patients initially

lacking CIA after <3 mo of HD, had now acquired it.
We then retested five surviving patients from the

10 HDpatients' sera with >3-mo groups, who, on initial testing, had no serum
or spontaneous intrinsic CIA. 18 mo after initial testing, all five still lacked
vith a 10% concentration serum CIA. Thus, after 3 mo of HD many patients
, chemotactic activity in developed CIA, whereas the five patients not
less than that found in five developing the CIA by this time, did not do so at
.±28 cells/HPF for HD subsequent testing 18 mo later. From this data, it was
[s/HPF for normal serum assumed that patients lacking serum CIA after 3 mo

four of these HD-patient of HD would be unlikely to aquire it and that HD
ld dilutions from 10 to patients with serum CIA would retain it. When 13 HD

1.25%, intrinsic chemotactic activity decreased. Thus
the possibility that the suppressed chemotactic
response was caused by deactivation of PMN by
excessive quantities of chemotactic factor in patient
sera was unlikely.

Within the total group of 53 HDpatients there were
14 diabetics with a mean CIA of 20%, 5 insulin-
dependent diabetics with a mean CIA of 28%, and 9
diabetics controlled without insulin with a mean
CIA of 17%. When 15 hepatitis B surface antigen
(HBsAg)-positive, HDpatients (mean CIA, 25%) were
compared to 38 antigen-negative patients (mean CIA,
20%), no significant difference was found. Fig. 1B
separately compares nondiabetic, HBsAg-negative HD
patients to both diabetic HDpatients and to HBsAg-
positive HDpatients. No one disease subgroup could
singularly account for the serum CIA seen in HD
patients; chronic HD itself seemed to be the common
denominator.

To study the effect of a single HD procedure on
the presence of serum CIA, pre-HD sera from nine
patients were compared to autologous post-HD samples.
Although small changes in CIA were observed in
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FIGURE 2 Relationship of serum CIA to duration of HD. HD
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FIGuRE 3 Sequential assays for serum CIA over a 9-mo
interval of HD. (A) Tests on eight HD patients showing
initial CIA and subsequent testing 9 mo later. Patients were
on HD throughout the duration, and all eight patients
retained serum CIA. (B) Results of studies on five HD
patients with <3 mo of HD who initially lacked CIA, and
subsequent studies 9 mo later. Four of the five patients
acquired marked CIA.

patients lacking serum CIA after more than 3 mo of
HDwere compared to 19 HDpatients with CIA, no
significant difference in either infection or mortality
was found between the two groups during the year
after initial serum sampling. Patients receiving renal
transplants were excluded from this analysis. 8 of the
13 (61.5%) HDpatients without CIA and 13 of the 19
(68.4%) HD patients with CIA, suffered clinical,
culture-documented infections including septicemia,
vascular access site infections, soft tissue infections,
as well as respiratory and urinary tract infections.
7 of the 13 (53.8%) HD patients without CIA and
4 of the 19 (21.1%) HD patients with CIA, died.
Though the difference between mortality in the two
groups was not statistically significant, a trend between
the presence of serum CIA and a decreased mortality
was evident, P = 0.0721 with the Fishers exact test by
two tailed analysis.

Concentration dependence of serum CIA

Six patient sera were titrated for concentration
dependence of serum CIA with increasing amounts of
test sera and a constant amount of CD chemotactic
factor (Fig 4). As increasing amounts of patient sera
were added, greater inhibition was observed.

Neutralization of serum CIA with normal serum

Each of three HD patients' sera with marked CIA
(mean CIA, 66.9%) were simultaneously assayed for
CIA both with CD chemotactic fragment alone and
with varying percentages of pooled normal sera from
five normal subjects. The pooled normal sera was
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FIGURE 4 Concentration dependence of serum CIA. Each of
six different symbols represents test results from a specific
HD patient. The curve connects the mean serum CIA
(horizontal lines) found at each percentage of HDpatient's
serum.

placed in the lower compartment of the Boyden
chamber containing a constant quantity of CDchemo-
tactic factor and 10% HD patient serum. The results
showed that as greater amounts of pooled normal sera
were added, CIA decreased; but even when 20%
pooled normal sera was added, >20% inhibition
remained in two of three patients tested (Fig. 5).
Therefore, the CIA in HD patient sera could be
partially counteracted by the addition of *high
concentrations of pooled normal serum.

Partial characterization of serum CIA

Ejfect of heat treatment. Sera from four patients
with marked CIA (mean CIA, 56%) were heat-treated
at 56°C for 30 min and tested for CIA. The data indicate
that the serum CIA in these patients was heat stable
(postheat treatment mean CIA, 71%).

Ammoniumsulfate precipitation. Whole sera from
four HD patients were salted out with 30 and 50%
NH4SO4 (Fig. 6). At 30%, all measurable CIA
remained soluble, whereas at 50%, significant CIA
could be demonstrated in both soluble and precipitating
fractions, with the majority still present in the soluble
fraction. When supernatant fractions from the 30%
NH4SO4 precipitation were heat-treated at 560C for
45 min, no loss in CIA was observed. Thus, the CIA
in all four patients' soluble fractions (mean CIA before
heat treatment = 69%) was heat stable (mean CIA
after heat treatment = 79%).
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FIGURE 5 Neutralization of serum CIA with normal serum.
Each of three HDpatients' sera at a 10% concentration was
assayed for CIA with varying amounts of pooled normal serum
added to the lower compartment of the Boyden chamber
together with a constant amount of CD chemotactic factor.
Results are expressed in cells per HPF ±1 SD. The dotted
line (--- -) represents control results adding normal pooled
sera to CD chemotactic factor in the absence of HD
patients' sera. Each solid line ( ) represents the results
when this same titration was performed in the presence of
a HDpatient's serum.

Separation of sera by sucrose density gradient
centrifugation
HDpatient sera were separated by 5-20% sucrose

density gradient centrifugation and each of the 15
fractions were tested for CIA with CD chemotactic
factor as a chemotactic stimulus. The results of three
patients' sera shown in Fig. 7 indicate a major peak
of inhibition sedimenting slightly faster than the

90

z 9009L
j40-

10

30%s 50%

FIGuRE 6 Fractionation of HDpatient serum by ammonium
sulfate precipitation. Data shows the presence of CIA in
various fractions with four different patient sera and are
expressed as mean inhibition + 1 SD.
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FIGURE 7 Separation of three HD patient sera by 5-20%
sucrose density gradient centrifugation. The top of the gradient
is on the left and the position of IgG and ovalbumin
markers are shown. Data are expressed as percent inhibition
of chemotaxis with each fraction with CDchemotactic factor
as a control attractant.

ovalbumin marker, but slower than the IgG marker
with a sedimentation coefficient of -4S. In some cases
a slower sedimenting inhibitor was observed, an
example of which is shown in the first sample in the
same figure. This component was found only occasionally
and appeared to be smaller than the 43,000 mol wt
ovalbumin marker.

CIA in serum fractions separated by size with
ultrafiltration techniques
Four normal and eight HD patients' sera were

fractionated by ultrafiltration with membranes having
pore sizes permitting passage of substances with mol
wt of <30,000. Each sample was divided into two
fractions of mol wt >30,000 and <30,000. The
concentrated serum fractions were all corrected to their
original volumes with phosphate-buffered saline and
tested for CIA (Fig. 8). Significant differences of CIA
were found between normal and HDpatients' sera in
the fractions of mol wt >30,000 (P < 0.005). Substantial
CIA was found in both serum fractions in at least some
of the test sera (three of eight). Two of the three
patients' sera studied by sucrose density centrifugation
were also fractionated by ultrafiltration. When data
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indicating that HD patients' sera did not contain
cell-directed inhibitors capable of irreversibly inhibiting
PMNchemotaxis.

Chemotactic factor specificity
Each of 10 HDpatients' sera known to have marked

serum CIA were tested with three different chemotactic
factors (Fig. 9). The test sera were assayed with CD
chemotactic factor, bacterial chemotactic factor, and
casein as chemotactic stimulants. Control chemotaxis
was 203±33, 144±29, and 120±+18 cells/HPF, respec-
tively. The mean inhibition with CD chemotactic
factor as the chemotactic stimulus was 61%, whereas
with bacterial factor and casein, 52 and 14% inhibition
was observed, respectively. Thus, mean CIA was
maximal with CDchemotactic factor, slightly less with
bacterial factor, and markedly less when casein was
used. These data suggested that the CIA in patient
sera is at least partially directed against the chemo-
tactic factor because the presence of only cell-directed
inhibitors might be expected to suppress migration
equally well with all three factors.

FIGURE 8 CIA in normal or HDpatient sera after separation
into fractions of >30,000 mol wt and <30,000 mol wt by
ultrafiltration through an Amicon membrane. CIA was only
found in patient sera, and was predominantly in the
>30,000 mol wt fractions that failed to pass through the
membrane.

from samples separated by sucrose density gradient
centrifugation (Fig. 7) were compared to ultrafiltration
data (Fig. 8), the sample that contained the smaller
inhibitor by sucrose density gradient centrifugation
also showed some CIA in the serum fraction passing
through the 30,000 mol wt ultrafiltration membrane.
Conversely, the third sample showing only the 4S
inhibitor (Fig. 7) had CIA only in the >30,000 mol wt
fraction by ultrafiltration.

Preincubation of normal PMNwith HD
patients' sera

Equal volumes of a normal PMN suspension
(7.0 x 106 PMN/ml) were centrifuged and the cell
pellets resuspended in 10% solutions of 4 normal and
10 HDpatients' sera. The 10 HDpatients' sera were

known to contain marked CIA ranging from 48 to 80%
inhibition with a mean of 65±12%. The cell-serum
suspensions were incubated at 370C for 1 h, washed in
HBSS three times, and resuspended to the original
7.0 x 106 cells/ml. Cell suspensions were tested for
chemotactic responsiveness to CDchemotactic factor
along with control cells preincubated in HBSSalone.
All cell preparations displayed equivalent chemotaxis

CDchemotactic factor inactivation by HD
patients' serum fractions
As previously indicated (Fig. 8) when HDpatients'

sera were fractionated, all fractions with mol wt
> 30,000, displayed marked CIA. These same fractions
from normal and HD patients' sera, which contained
molecules of >30,000 daltons, were incubated at a 10%
final concentration with CDchemotactic factor for 1 h
at 370C. The mixture was then forced through a

30,000-dalton pore size membrane, which permitted
passage of CDchemotactic factor (17,500 mol wt) but
not the >30,000 mol wt inhibitory substance. The
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filtrates that passed through the membrane were
collected and tested for chemotactic activity (Fig. 10).
None of the six normal serum fractions reduced the
chemotactic activity of the CD chemotactic factor by
>20% (mean reduction, 3%), whereas, 8 of the 10 HD
patients' sera reduced its chemotactic activity by
>20% (mean reduction for all 10 samples, 43%). This
significant difference (P < 0.001) suggests that factors
present in the HDpatient serum fractions with mol wt
>30,000 inactivate or complex with the CDchemotactic
factor thereby reducing its chemotactic activity or
ability to pass through the 30,000-dalton pore size
membrane.

DISCUSSION

The sera from 24 of 35 HD patients were found to
inhibit normal PMNchemotaxis by >20%. Serum CIA
was not altered by a single HDprocedure and in the
patients studied here, appeared only after 3 mo of HD.
Titration experiments indicated that inhibition was
concentration dependent. CIA was heat stable, and
remained soluble after 30% ammonium sulfate
precipitation, and was only partially precipitated with
50% ammonium sulfate. Sucrose density gradient
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Fractions of mol wt >30,000 Fractions of mol wt >30,000

FIGURE 10 Demonstration of chemotactic factor directed
inhibitors in HD patient serum. In each case the >30,000
mol wt fraction was preincubated with CDchemotactic factor
and the mixture then put through the filtration membrane,
which retains the serum inhibitors, but not chemotactic
factor. Data are expressed as percent reduction of the
chemotactic activity found in the filtrate which passed through
the membrane when compared to a similarly treated
preparation of CDchemotactic factor in the absence of serum
fractions.

centrifugation indicated that the major inhibitory
activity was concentrated in a region with a molecular
weight slightly greater than ovalbumin.

The CIA found in whole serum appeared factor
directed because chemotactic inhibition was greater
with some chemotactic factors than with others
(Fig. 9). Cell-directed inhibitors such as those previously
described in patients with IgA myeloma (16) have been
shown to suppress the chemotactic response to all three
chemotactic factors used in this study. Likewise,
several other studies have demonstrated that patients
with multiple chemotactic inhibitors, including cell-
directed inhibitors, suppress neutrophil chemotaxis to
all chemotactic factors (18-21). In addition, pre-
incubation of normal PMNwith inhibitory sera failed
to depress cellular chemotaxis. This supports a factor-
directed inhibitor though not excluding a rapidly
reversible, cell-directed inhibitory process. A chemo-
tactic factor-directed inhibitor was further upheld by
demonstrating that the >30,000 mol wt serum fraction
directly interacted with CD chemotactic factor as
shown in the experiments in Fig. 9. Although these
experiments imply inactivation of CD chemotactic
factor by HD patient sera, they do not exclude a
possible complexing of the inhibitor with chemotactic
factor, thereby preventing its passage through the
PM30 membrane.

Several previously described, factor-directed in-
hibitors share some of the properties of the CIA
described here. Other investigators have described a
chemotactic factor inactivator present in low levels in
normal serum (22, 23) and supernormal levels in
certain pathological conditions (24, 25). Chemotactic
factor inactivator remains soluble when treated with
45% ammonium sulfate, has a broad spectrum of
activity including C5 chemotactic fragment and bacterial
factor, and is heterogeneous with at least two
components having sedimentation velocities of 4S and
7S. The 4S chemotactic factor inactivator inactivates
C5a and resembles the CIA described in this study,
with the possible exception of heat lability. Brozna
et al. (26) have described two granulocyte lysosomal
proteases, elastase and cathepsin G, that inactivated
both C3 and C5 chemotactic factors. Other investigators
(27, 28) have reported human leukocyte elastases to
range in mol wt from 22,000 to 33,000. It is possible
that these enzymes might contribute to the CIA
described here. Wright and Gallin (29, 30) have
described chemotactic factor inactivators released from
the azurophilic granules of neutrophils after phago-
cytosis. They found at least two inactivators with
mol wt 65,000 and 30,000, and possibly one with a
10,000-12,000 mol wt. These factors inactivated C5
chemotactic fragment and had molecular weights
consistent with the inhibitors described here. In
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contrast, their factors were reported to be heat labile.
More recently, Perez et al. (31) have reported a serum
inhibitor of C5-derived chemotactic activity in patients
with systemic lupus erythematosis. Chromatography
of patient serum on Sephadex G-200 yielded three
distinct inhibitor peaks. One inhibitory peak was heat
stable at 56°C for 30 min and had an apparent mol wt of
50,000-60,000, which is similar to the chemotactic
inhibitor described here.

Several possible mechanisms might explain the
appearance of this serum CIA in HD patients. It has
long been recognized that renal disease itself can be
associated with abnormal chemotaxis. In 1967, Gewurz
et al. (32) noted a correlation between hypocomple-
mentemia associated with glomerulonephritis and
depressed neutrophil chemotaxis. In another study,
Clark et al. (11) reported defective serum generation
of chemotactic factors in rabbits with cephaloridine-
induced acute renal failure. Salent et al. (12) have
found that the chemotactic activity of endotoxin-
activated sera from chronic renal insufficiency and HD
patients was often decreased. This serum defect has
not been upheld by several other studies (13-15).

Our data showing that patients undergoing more than
3 mo of HD have an increased incidence of CIA,
strongly suggests that HDitself might contribute to the
presence of CIA. Other immunological changes have
been associated with the HDprocedure including the
generation of a plasma factor that augments granulocyte
adherence (10, 33), complement-mediated pulmonary
leukostasis (34-37), the presence of circulating free
DNA(38), antinuclear antibodies (39), and anti-blood
group N-like antibodies (40-42). Furthermore, cellu-
lose membranes of the same type used in HD
machinery have been shown to impair PMNrandom
mobility (8).

Studies have shown that granulocyte destruction
occurs with granulocyte-HD membrane interaction (43),
and that release of PMNintracellular organelles can
occur (44). Using phase-contrast microscopy, PMN
from patients with renal failure have been shown to
have more prominent cytoplasmic granules (45) and are
reported to have increased intracellular cathepsin D
(46). Already mentioned in this discussion, several
intracellular substances released from granulocytes
are known to inactivate CD chemotactic factors
(26, 29, 30). It is possible that granulocytes altered or
destroyed by the HDprocess might release one or more
of these factors.

Another granulocyte released factor, the neutrophil-
immobilizing factor described by Goetzl and Austen
(47), is a heat stabile, cell-directed, irreversible
inhibitor of cellular chemotaxis and random mobility
with a mol wt of -5,000. In our study, normal cells
preincubated with HDpatients' sera displayed normal

chemotactic response, making our CIA incompatible
with the neutrophil-immobilizing factor.

Together with possible increased accumulation
and(or) increased release of PMNintracellular inhibitory
substances, an increased survival for such substances
might be contributory to the CIA seen in HDpatients.
In this study, the greatest and most consistent CIA
was demonstrated in the serum fraction of mol wt
> 30,000. Though a molecule of this size might be
easily cleared by normally functioning renal glomeruli,
the pore size of the standard HDmembrane permits
passage of molecules with mol wt of up to 10,000-12,000.
Thus, any inhibitory substance of mol wt >30,000
might exert a prolonged and intensified effect in this
group of patients. An alternative theory is that the
presence of circulating chemotactic inhibitors may be a
host response to chemotactic factors generated by the
complement activation known to occur during HD
(30, 32-34). In this case, the factor-directed inhibitors
could protect the host from adverse effects of excessive
CS-fragment generation. Consistent with this hypothesis
is the finding of a similar inhibitor in systemic lupus
erythematosis (31), another condition also associated
with chronic complement activation and therefore
C5 fragment generation.

Abnormal chemotaxis has been associated with
nondialyzed chronic renal insufficiency (11, 12).
Because of this, similar defects found in HDpatients
might have also been ascribed to their impaired
renal function. Several investigators have examined
PMNchemotaxis among HDpatients (12-15). Three
of these studies that failed to find a serum defect
(13-15) used a different chemotactic stimulus than was
utilized in our assay system. Baum et al. (13) activated
whole serum with endotoxin, probably generating
multiple chemotactic factors, some of which may not
have been inhibited by the 4S factor-directed
inhibitor. Greene et al. (14) used plasma in place of
serum and E. coli bacterial factor instead of CDchemo-
tactic factor. The CIA described in our study was
slightly less inhibitory against bacterial factor-promoted
chemotaxis than it was when CD chemotactic factor
was used. These same investigators only tested a total
of four HD patients for the presence of a circulating
inhibitor and may have easily overlooked such an
inhibitor as it was found in less than half of our
patients. Bjorksten et al. (15) tested 11 HDpatients for
the presence of a circulating chemotactic inhibitor.
They compared cellular chemotaxis of normal PMN
suspended in normal serum to PMNsuspended in
HD patients' plasma. The PMNsuspended in HD
patient plasma showed a slightly reduced mean
chemotactic index though this reduction was not found
to be significant. This mean reduction of chemotaxis
was similar to our results although in our studies
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the patient serum was placed in the same compartment
as the chemotactic factor.

Several investigators have recognized infection as a
leading cause of death among chronic HD patients
(3, 4). We could not correlate the presence of
serum CIA with a significant increase in either infection
or mortality in 32 of our HD patients studied over a
12-mo period, although a trend (P = 0.0721) between
the presence of CIA and decreased mortality was
apparent. Additional studies of larger numbers of
patients over a more extended period of time are
necessary to substantiate the presence or absence of
correlation between serum CIA and infectious and(or)
fatal complications among HDpatients.

Although no significant increase in infection was
noted in patients with CIA as opposed to patients
without CIA, it is feasible that some of the altered
host responses noted in HD patients might be
related to the presence of serum CIA. For instance,
HD patients have been shown to display cutaneous
anergy (13) in the face of improved in vitro lymphocyte
function after HD (48-50). Several previous studies
have shown serum inhibitors of chemotaxis to be
associated with cutaneous anergy (18, 21). As suppression
of cell-mediated immunity is crucial to kidney transplant
survival, it is possible that serum CIA could influence
the clinical course of kidney transplantation among
previously hemodialyzed recipients (51). Further
studies will be essential to determine if this
chemotactic inhibition like those previously described
is associated with anergy, or involved in kidney
transplant survival. Another common clinical situation
that challenges HDpatients is the respiratory distress
associated with complement-mediated pulmonary
leukostasis (34-37). Studies indicate that C5a is
responsible for HD-associated pulmonary leukostasis
(37). It is therefore conceivable that serum CIA might
play a protective role and block C5a to prevent
complement-mediated pulmonary leukostasis. That
CIA might be beneficial to the host is suggested by
the statistical trend found in our group of patients
but remains speculative at this time.

We conclude that many patients undergoing main-
tenance HD for a duration of 3 mo or more acquire
serum CIA. The inhibitor consists of a major 4S heat-
stable substance directed at CD chemotactic factor.
This inhibitor resembles the factor-directed inhibitor
found in patients with systemic lupus erythematosis
(31). It is proposed that this inhibitor may be released
from granulocytes during HDor be a host response to
control C5a generation associated with HD.
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