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Direct measurement of reactive oxygen species
in leukocytes during hemodialysis therapy
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Abstract: Objectives: Both chronic kidney disease (CKD) and hemodialysis (HD) are reported to elevate oxidative
stress. Available evidence for oxidative stress is indirect measurement of oxidative stress as accumulation of by-
products by reactive oxygen species (ROS). We aimed to examine the effect of CKD and HD on ROS levels in circu-
lating leukocytes and to compare those with conventional oxidative stress marker, F2-isoprostane, in HD patients.
Methods: Using flowcytometry techniques, ROS levels in circulating leukocytes can be directly measured in 16 HD
patients and 12 healthy volunteers. We also measured circulating F2-isoprostanes levels in both groups. Results:
HD patients demonstrated a significant increase in serum levels of F2-isoprostanes. The direct measurement of
ROS levels in leukocytes showed increase in HD patients compared to the control; 1.91-fold in polymorphonuclear
leukocytes (PMN), 1.06-fold in lymphocytes, and 1.35-fold in monocytes. Significant difference between the two
groups could be observed only in PMN. The ROS levels in all three fractions of leukocytes showed negative correla-
tions with serum F2-isoprostane levels but the ROS levels only in PMN showed significant correlation (r? = 0.774,
P = 0.001). Conclusions: Our results indicate that direct measurement of the ROS levels in circulating leukocytes
by flowcytometry is a useful method to examine oxidative stress during HD procedure. The ROS levels in circulating
leukocytes showed negative correlation with serum F2-isoprostane levels.
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The markers of oxidative stress shown to
increase in HD therapy include F2-isoprostanes,
lipid hydroperoxides, oxidized anti-LDL antibod-
ies, the oxidizability of LDL, free sulfhydryl
groups, carbonyl groups, 3-chlorotyrosine, and
advanced oxidation protein products [6-13].
Free radicals have extremely short half-lives, so
that in most case oxidative stress is measured
by specific end-products of the process. The
end-products can be measured in urine, serum,
tissue, cell culture or other biological products
but serum may be the most common for HD
population. Some researchers consider that
isoprostanes are the best available biomarker

Introduction

Chronic kidney disease (CKD) increases oxida-
tive stress compared with healthy matched
controls, and this is postulated as contributing
to the high levels of cardiovascular disease
(CVD) morbidity and mortality in CKD group
[1]. Hemodialysis (HD) therapy is widely used
for removal of excessive toxins, metabolic prod-
ucts, and blood components from patients with
CKD. However, HD itself may further contribute
to progress atherosclerosis by enhancing oxi-
dative stress, cytokine stimulation, and other
events [2, 3]. Possible mechanism of increas-
ing oxidative stress by HD procedure includes

loss of antioxidants by HD, interactions between
blood and dialysis membrane, transfer of bac-
terial products in the dialysate to circulation
crossing the dialysis membrane, and malnutri-
tion decreasing the uptake of dietary antioxi-
dants [4]. Reactive oxygen species (ROS)
formed within cells can oxidize various mole-
cules, leading to cell death and tissue injury [5].

of lipid peroxidation and have been investigat-
ed in the pathogenesis of CKD [14, 15]. One of
their limitations as a biomarker of oxidative
stress is that they are rapidly metabolized and
any increase in serum isoprostane level may be
due not only to their increased formation from
lipid peroxidation, but also to a slower metabo-
lism [16]. However, this limitation is characteris-
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Table 1. Clinical and laboratory characteristics of the participants

HD (n = 16)
Age (years) 70.3+10.5
Gender (M:F) 5:11
Dialysis vintage (months) 70.3+10.5
No. of hypertension 7
No. of diabetes mellitus 7
No. of current smoker 0
Hemoglobin (g/dL) 10.3+1.1
White blood cell (/mm?) 4433 + 1216
Albumin (g/dL) 34+04
Blood urea nitrogen (mg/dL) 61.5+ 18.0
Creatinin (mg/dL) 88+ 1.7
Calcium (mg/dL) 9.8+19
Phosphorus (mg/dL) 45 +0.6
Total cholesterol (mg/dL) 152.6 £ 16.4
Triglyceride (mg/dL) 129.3+£70.6
C-reactive protein (mg/dL) 0.3+0.2
spKt/V 1.4+0.2
No. of oral statin 0
No. of oral calcium channel blocker 3
No. of oral RAS inhibitors 7
No. of oral cinacalcet 0

smoking and of taking anti-
oxidative medication such

Control (n=12) P
64.7 + 103 0.658 as vitamin C or E. Main-
4:8 0.926 tenance HD were carried
NA out for 4 h every session, 3
2 0.204 times a week with blood
1 0.114 flow of 200-300 mL/min
1 0.663 and dialysate flow rate of
13.8+ 1.4 0.008 500 ml/min containing Na*
5132+ 989  0.682 (140 mEq/1), K" (2.0 mEq/1),
46+02  0.007 Cl (110 mEq/l), Ca* (3.0
145+0.3  0.001 mEq/l), Mg* (1.0 mEq/l),
0.9+0.2 0.001 HCO, (30 mEqg/l) and
9.8+1.2 0.796 CH,COO (10-15 mEq/1). All
46 +0.3 0.631 the participants gave their
163.6 +37.2 0.744 informed consent to the
776 +31.8 0.497 measurement.
0.2+0.2 0.448
NA Blood samples and bio-
0 NA chemical analysis
2 0.926
2 0.227 Hematological and bioche-
0 NA mical blood samples were

Data are expressed as mean + SD or total numbers. NA, not applicable.

tic not only for isoprostane but other markers
such as malondialdehyde, 8-hydroxy deoxy-
guanosine, etc [17].

Using flowcytometry techniques, ROS levels in
circulating blood cells can be directly mea-
sured. The aim of the present study was to
examine the effect of HD procedure on ROS lev-
els in leukocytes. The second aim was to com-
pare ROS levels in circulating leukocytes with
serum F2-isoprostane levels in HD patients. We
could consider the usefulness of direct mea-
surement of ROS levels in leukocytes.

Materials and methods
Patients

We measured serum levels of F2-isoprostane
and ROS levels in circulating leukocytes in 16
HD patients and 12 healthy volunteers. Cause
of uremia were chronic glomerulonephritis (n =
5), renal screlosis (n = 4), and diabetes mellitus
(n = 7). We excluded HD patients with malig-
nancy, active inflammatory disease, CVD within
1 year because they may affect severity of oxi-
dative stress imbalance. Medication and clini-
cal histories were obtained from clinical
records. All the participants, have no history of
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collected after at least 10 h
of fasting just before the
first HD session of the week
and tested at the laboratory at SRL, Inc. (Tokyo,
Japan). Samples from the control were obtained
in the morning after at least 10 h fasting. The
spKt/V was evaluated according to the proce-
dure of Daugirdas [18]. Serum concentrations
of F2-isoprostanes were measured by competi-
tive ELISA, using polyclonal antibody specific
for F2-isoprostane coated on a micro-plate
specific for mouse (Northwest Life Science
Specialities, Vancouver, WA, USA). Subsequent
TMB substrate addition resulted in a blue color
development and addition of an acid stop solu-
tion caused a color change to yellow where
absorbance was read at 450 nM.

Preparation of leukocytes

Blood samples for flowcytometric analysis were
obtained at the same day of other laboratory
test and at middle of HD session, using a
syringe, applying gentle aspiration to minimize
shear stress ex vivo. To avoid in vitro activation/
modification, blood samples were processed
immediately without being manipulated. The
red blood cells were lysed using FACS lysis solu-
tion. Cells were washed twice with phosphate-
buffered saline (PBS). Total ROS detection kit
(Enzo Life Science, Plymouth Meeting, PA, USA)
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Figure 1. Serum levels of F2-isoprostanes in healthy
controls and stable hemodialysis (HD) patients.
Blood samples were collected just before the first HD
session of the week. Serum levels of F2-isoprostanes
were measured by competitive ELISA. HD group
shows a significant increase of the marker compared
to the control. Brackets indicate SD.
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Figure 2. Flowcytometric analysis of reactive oxygen
species (ROS) production in circulating leukocytes
during HD. Blood samples were obtained at middle
of HD session in HD group. After lysing red blood
cells, leukocytes were treated using total ROS detec-
tion kit from Enzo Life Science. Resuspended cells
were assayed with flowcytometry. Significant differ-
ence is observed only in polymorphonuclear leuko-
cytes (PMN) subtype. Brackets indicate SD.

was used for the following procedure. Re-
suspended cells were treated with pyocyanin
as the ROS inducer for about 20 min. Final con-
centration of pyocyanin was 200 M. After cen-
trifugation, the cells were washed twice with
PBS and resuspended with the ROS detection
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solution, following 30 min incubation at 37
degrees Celsius in the dark. Then, the cells
were assayed with flowcytometry.

Flowcytometry

The cells were gated for lymphocytes, mono-
cytes, and polymorphonuclear (PMN) leuko-
cytes using a FACSort flow cytometer (Becton-
Dickinson, San Jose, CA, USA). For each sam-
ple, data from 10,000 cells were collected and
analyzed. The cells with increased levels of oxi-
dative stress demonstrate bright green fluores-
cence in presence of the ROS detection solu-
tion and were detected using FL1 channel.

Statistical analysis

Clinical parameters are expressed as mean *
standard deviation. Two-sided Mann-Whitney U
test was used to analyze data, which were
thought as non-parametric since sample size
was relatively small. Pearson correlation was
used to examine the relationship between
serum F2-isoprostanes levels and ROS levels
in leukocytes. Statistical analyses were per-
formed with JMP 11.2.0 from SAS (Cary, NC,
USA). P < 0.05 was considered to indicate a
statistically significant difference.

Results

The characteristics of healthy controls and HD
patients are shown in Table 1. The two groups
differ significantly in terms of serum hemoglo-
bin levels, serum albumin levels, blood urea
nitrogen levels, and serum creatinine levels. All
the characteristics with significant difference
are thought to be caused by CKD. The blood
samples obtained from HD patients demon-
strated a significant increase in serum levels of
F2-isoprostanes (Figure 1). Consistent with
many previous studies, imbalance of oxidative
stress was augmented by CKD and mainte-
nance HD therapy. Next, we measured the ROS
levels in circulating leukocytes in the two
groups. Figure 2 summarizes the results of the
ROS levels in PMN, lymphocytes, and mono-
cytes. HD patients have a tendency to show
higher ROS levels in all the three fractions of
leukocytes compared to the healthy controls.
The increases of ROS levels in HD patients
are 1.73-fold in PMN, 1.14-fold in lymphocy-
tes, and 1.31-fold in monocytes compared to
the control. However, significant difference
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Figure 3. Correlation between serum levels of F2-isoprostanes and reactive oxygen species (ROS) production in
circulating leukocytes in HD patients. All the fractions of leukocytes show negative correlation but only PMN subtype

has significant correlation.

between the two groups was observed only in
PMN. Next, we examined correlation between
serum F2-isoprostanes levels and ROS levels in
circulating leukocytes in HD patients (Figure 3).
ROS levels in all three fractions of circulating
leukocytes showed negative correlations with
serum F2-isoprostane levels in HD patients.
The ROS levels in circulating PMN showed sig-
nificant correlation (r? = 0.774, P = 0.001).
These indicated that both serum end-produc-
ts of imbalance of oxidative stress and direct
measurement of ROS levels in circulating leu-
kocytes are increased by CKD and HD, but that
these levels do not show positive correlation.

Discussion

Using flowcytometry analysis, we showed that
different subtypes of circulating leukocytes
undergo oxidative stress during HD therapy.
The main finding of the present study is the
direct demonstration of increased levels of
ROS in circulating PMN during HD procedure.
This suggests that circulating PMN have an
important role as a pathogenesis of HD-relat-
ed oxidative stress. Tarng et al. showed that
phorbol-12-myristate-13-acetate  (PMA)-indu-
ced ROS levels in circulating leukocytes of peri-
toneal dialysis patients was significantly higher
than that obtained from healthy controls or
nondialyzed patients and extensive increase
was observed only in PMN fraction [19]. Our
result is partially consistent with their result. It
is not well studied why ROS levels in circulating
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PMN is stronger than other subtypes of leu-
kocytes.

Another important finding in the present study
is that there is a negative correlation between
serum F2-isoprostanes levels and the ROS lev-
els in circulating leukocytes in HD patients. One
possible explanation is that the inverse corre-
lation is resulted from different characteristics
of the targets. Serum F2-isoprostanes are one
of the end products of lipid metabolism during
imbalance of oxidative stress. On the other
hand, the measurement of intracellular ROS
levels in leukocytes may reflect direct response
of circulating blood cells against oxidative
stress during HD procedure. Oxidative stress
due to HD procedure may affect quality and lon-
gevity of circulating leukocytes. Consistent with
our results, cell viability and p-cresyl sulfate-
induced ROS levels have a significant negative
correlation in in vitro study [20]. Oxidative
stress has deleterious effects on granulocyte,
resulting in failure to generate oxidative bu-
rst-an intracellular mechanism of bacteriolysis
[24]. Serum concentration of lipid peroxidation
product, malondialdehyde (MDA), is elevated in
samples from post-dialyzed patients compared
to those from non-dialyzed patients, while the
ROS levels in circulating granulocytes remained
in the same levels [22]. Another possible expla-
nation is that negative correlation is caused
from decrease of leukocyte viability by enhan-
ced oxidative stress in CKD and HD. Apoptosis
of monocytes are enhanced in uremic patients
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[23]. In vitro study, PMNSs are injured by acceler-
ated oxidative stress with methylglyoxal and
H,0,, which are resemble to uremic milieu
[24]. High levels of serum F2-isoprostane sug-
gest augmented imbalance of oxidative stress,
which may decrease viability of circulating leu-
kocytes with high ROS levels in circulating
blood cells. This may result in negative correla-
tion between serum F2-isoprostane levels and
ROS levels in PMN. There was negative but no
significant correlation between these two fac-
tors in healthy control (data not shown). This
suggests that imbalance of oxidative stress is a
result of the quite compound cause.

In conclusion, our results suggest that persis-
tent uremic condition in regular HD patients
increases imbalance of oxidative stress, result-
ing in increase of serum F2-isoprostanes levels
and ROS levels in leukocytes but that the
ROS levels in circulating leukocytes during HD
procedure has negative correlation with F2-
isoprostanes, one of indirect oxidative stress
markers. The direct measurement of ROS lev-
els in circulating leukocytes by flowcytometry is
a useful method to examine condition of oxida-
tive stress during HD procedure. Further study
is required for correlation between indirect
measurement in serum oxidative stress marker
levels and direct measurements of the ROS lev-
els in circulating blood cells.
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