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ABSTRACT

Background: The level and activity of indoleamine 2,3-dioxygenase (IDO) and the concentrations
of L-tryptophan and its metabolite L-kynurenine were determined in association with various renal
diseases. However, there have been no data regarding these parameters in patients on peritoneal
dialysis compared to those undergoing hemodialysis or kidney transplantation.

Methods: This study investigated the level and activity of IDO and determined oxidative balance
by calculating the total oxidant status (TOS), total antioxidant status (TAS), and oxidative stress
index (OSI). We enrolled 60 kidney disease patients, including 20 on peritoneal dialysis (PD group),
19 on hemodialysis (HD group), and 21 with kidney transplantation (KT group), as well as 21 con-
trol group.

Results: IDO levels were increased in the PD, HD, and KT groups compared to the control group.
The concentration of kynurenine was significantly increased in the PD group compared to the
other groups (p < 0.01). The kynurenine/tryptophan ratio was increased in the PD group compared
to the other groups (all p < 0.01). TAS levels in the PD and HD groups were significantly decreased
compared to the control group (both p <0.05). TAS levels in the PD group were significantly
decreased compared to the KT group. TOS levels in the PD group were higher than in the HD
and KT groups.

Conclusion: The results showed that IDO levels were increased in peritoneal dialysis and hemodi-
alysis patients and in renal transplant recipients, while oxidative stress was found to be related to
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IDO activity and was most increased in the patients on peritoneal dialysis.

Introduction

Renal failure is a medical situation in which the kidneys
fail to efficiently filter waste yields and cleaning solutes
from the blood, eventually leading to death." Treatment
of renal failure involves the processes of peritoneal dia-
lysis and hemodialysis, and at the end stage of renal fail-
ure, renal transplantation may be required.*?

The immune system involves the deeply complex
and crucial regulation of many cytokines.” Indoleamine
2,3-dioxygenase (IDO) is a substantial regulator of
immunity in recurrent bacterial infections and in sup-
pressing the adaptive immune response after trans-
plantation.” IDO is the first enzyme that converts the
essential amino acid tryptophan into kynurenine.®

Tryptophan also has a role in the survival and prolifer-
ation of the immune system. Tryptophan and kynure-
nine levels provide information about IDO activity,
which may inhibit activation and proliferation of T cells,
natural killer cells, total lymphocytes, and monocytes.”
In addition, IDO may play a critical role in the immuno-
modulatory enzymes that provide immunosuppression
in several diseases, such as cancer, cardiovascular
disease, infectious disease, allergic and autoimmune
diseases, transplantation, and neuropathology.® '°
Oxidative stress is described as an imbalance between
the maintenance of oxidants and antioxidant activity.''
Oxidative stress may be involved in the proinflammatory
condition of chronic kidney disease, and elevated urea in
dialysis patients may lead to increased oxidant status.'?
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The current study aimed to study the concentrations
of tryptophan and kynurenine in the serum of patients
on peritoneal dialysis compared to patients on hemodi-
alysis and those with kidney transplants. The serum
expression of IDO was also measured. We examined
associations between the activity and level of IDO with
oxidative stress status by measuring the total oxidant
status (TOS), total antioxidant status (TAS), and oxidative
stress index (OSI) in patients on peritoneal dialysis and
hemodialysis and in renal transplant recipients. We
determined the relationships between IDO activity and
expression with age, body mass index (BMI), gender,
systolic and diastolic blood pressure, blood urea nitro-
gen (BUN), and creatinine in patients on peritoneal dia-
lysis compared to those on hemodialysis and kidney
transplant recipients.

Materials and methods
Study population

The study included 60 patients with chronic kidney dis-
ease, including 20 on peritoneal dialysis (PD group), 19
on hemodialysis (HD group), and 21 with kidney trans-
plants (KT group), as well as 21 healthy control sub-
jects. All participants were age 18 years or older and
included individuals on hemodialysis and peritoneal
dialysis at Bursa Yuksek lhtisas Education and Research
Hospital, and renal transplant recipients followed at
Acibadem Hospital. Patients with cancer, collagen dis-
ease, liver disease, thyroid disease, acute infection,
pregnancy, lactation, neurologic disease, or drug addic-
tion were excluded from the study. All hemodialysis
patients were treated with high-flux hemodialysis on
polysulfone membrane dialyzers using bicarbonate-
containing solutions for 4 h, three times per week. All
patients in the PD group were on continuous ambula-
tory peritoneal dialysis. The patients mostly underwent
2-3 exchanges with 1.36/1.5% glucose solution and
one with 2.27/2.5% glucose solution. Patients also used
icodextrin and/or amino acid-containing solutions. The
patients remained on renal replacement therapy from
eight to 139 months (mean 44.2+32.5 months). The
control group was age- and gender-matched to the
other groups. The study was approved by the local
ethics committee, and informed consent was obtained
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from all participants. The study protocols were con-
ducted in accordance with the Declaration of Helsinki
and were reviewed and accepted by the Institutional
Review Board.

Blood sampling

Peripheral venous blood samples (5mL) were collected
by venipuncture into biochemistry tubes and centri-
fuged for 10 min at 4000 rpm, and the serum was sepa-
rated and stored at —80 °C until analysis.

Tryptophan and kynurenine analyses

The samples were diluted with 0.1% (v/v) formic acid in
20% (v/v) methanol solution, as previously described by
Kivrak et al.'*> Tryptophan and kynurenine levels were
detected using ultra-performance liquid chromatog-
raphy (UPLC) (Acquity Ultra Performance LC, Waters Co.,
Milford, MA) with electrospray ionization (ESI) and tan-
dem mass spectrometry (MS/MS) (Xevo TQ-S MS/MS,
Waters Co., Milford, MA), and C;g column (Acquity UPLC
BEH Cig 100 x 2.1 mm, 1.7 um particle size). Gradient
elution was used to separate the compounds. The
mobile phases were composed of solvent A (0.1% for-
mic acid in water) and solvent B (0.1% formic acid in
methanol). The flow rate was 0.4 mL-min~". The operat-
ing parameters for the mass spectrometer were a capil-
lary voltage of 2.00kV and source and desolvation
temperatures of 150°C and 500°C, respectively.
Desolvation and cone gas flow were 1000 and
150L-h~", respectively.'*'> The multiple reaction moni-
toring (MRM) analysis method parameters are shown in
Table 1. The ESI source was used in positive mode, and
cone voltage was 20 V by the MRM mode. All tests were
carried out in triplicate. Dwell time was 10ms for all
transitions. Data analysis and quantification were per-
formed using Waters MassLynx 4.1 and TargetLynx soft-
ware. An 8-point standard curve (including zero) was
constructed for each analyte by plotting the peak area
of the MRM transitions, giving the most intense signal
of each analyte versus its nominal concentration
(Figure 1(a,b)). Units of the measurements were given in
the legends of the Figure 1(a,b) as mg mL™". Analytical
parameters of UPLC-MS/MS method validation are
shown in Table 2. Data are expressed in pmol/L.

Table 1. Method parameters for tryptophan and kynurenine using UPLC-ESI-MS/MS.

Quantification Confirmatory Cone Collision Retention
Analyte Abb. transition (m/z) transition (m/z) voltage (V) energy (V) time (min)
Tryptophan Trp 205 188, 146, 118, 91 20 10, 16, 25, 35 4.42
Kynurenine Kyn 209 192, 146, 118, 91 20 8, 15,28, 35 342
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Figure 1. (a) MRM chromatograms and calibration curves of 100mg mL ™' of tryptophan analyzed using UPLC-ESI-MS/MS. (b) MRM
chromatograms and calibration curves of 100mg mL™" of kynurenine analyzed using UPLC-ESI-MS/MS.

IDO analysis

IDO levels were determined using a commercial double-
antibody sandwich enzyme-linked immunosorbent
assay (ELISA) kit (Sunred Biotechnology Company,
Shanghai, China). The plate was coated with specific
IDO antibody, and at the end of the reaction, color
changes were measured spectrophotometrically at
450 nm. The level of IDO was determined by comparing
the optic density to the calibration curve. The level of
IDO was expressed as ng/mL.

TAS and TOS measurements

Serum TAS and TOS were determined using an auto-
mated measurement method as previously described
by Erel.'®'” Absorbance was measured spectrophoto-
metrically using Rel Assay Diagnostics, and results
were expressed as umol Trolox equivalent/L for TAS

and mmol H,0, equiv./L for TOS. Dividing TOS by
TAS provided the oxidative stress index (OSI) (TOS,
umol H,0, equiv./L)/(TAS, umol Trolox equiv./L) (arbi-
trary unit).

Biochemical parameter measurements

BUN, creatinine, total cholesterol, triglycerides, and low-
density lipoprotein (LDL), and high-density lipoprotein
(HDL) cholesterol were measured with commercially
available assay kits (Abbott Diagnostics, Abbott Park, IL)
and an Architect C16000 auto-analyzer (Abbott
Diagnostics).

Statistical analysis

Data were analyzed using SPSS (statistical package for
social sciences) 20.0 (IBM Corp., Armonk, NY) and all
data were expressed as mean =+ standard deviation (SD).



Table 2. Analytical parameters of UPLC-MS/MS method validation.
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No. Compounds V%° Recovery (%)° Stability CV%° Accuracy (%) Calibration equations r
1 Kynurenine 0.112 0.71 96.3-99.7 y = 33205.2x + 2985.9 0.999310
2 Tryptophan 0.082 1.48 97.5-99.7 y = 53474.9x + 7118.1 0.998461

®Intra-day repeatability.

PInter-day reproducibility and recovery from once a day of three consecutive days.
“Stability were measured by standard solutions over three consecutive days.
dAccuracy represents the ratio of the measured concentration to the theoretical concentration from medium concentration value of the calibration range.

Table 3. Comparison of demographic and characteristics of the patients and healthy controls (mean + SD).

Parameters PD patients KT patients HD patients Controls p Values
Number of patients, n 20 21 19 21 NS
N (male/female) 9/11 13/8 10/9 13/8 NS
Age (years) 51.6+£9.69 47.33+£9.97 4747 £15.27 48.80 £6.63 NS
BMI (kg/mz) 26.85+5.15 28.33+5.55 25.58+4.44 28.09+4.53 NS
Systolic BP (mmHg) 128.25+21.47 126.66+11.1 122.35+18.21 121.66 £13.72 NS
Diastolic BP (mmHg) 80.25+11.97 7761170 75.88+11.21 77.61+10.44 NS
BUN (mmol/L) 89.83 +33.4%P¢ 25.25+12.52 62.98 +24.18 12.22+2.58 <0.001
Cr (umol/L) 6.10+2.58*¢ 1.55+0.61 7.95+2.60 0.86+0.14 <0.001
Total cholesterol (mg/dL) 196.15 + 46.44° 145.94 + 56.97° 174.94 + 52.99° 202.76 + 42.87 0.01
LDL-C (mg/dL) 110.85 +43.34° 77.76 +42.42¢ 110.33 £50.45 125.7 £36.37 0.01
HDL-C (mg/dL) 46.25 + 15.49%° 31.41+8.76° 36.68 +10.32¢ 46.61£11.55 0.01
Triglycerid (mg/dL) 195.25+108.3 183.82+125.74 139.63+£70.11 162.19+85.24 NS
TAS (umol Trolox equiv./L) 1.42 +0.65¢ 321+1.34 2.82+0.74 3.69+2.15 <0.05
TOS (mmol H,0, equiv./L) 5.63 +0.85*P< 3.82+191 4.18+2.26 3.14+0.95 <0.05
IDO (ng/mL) 43.77 +26.19° 31.01+16.36°¢ 41.2+34,59° 25.65+22.03 <0.05
KYN (umol/L) 5.18+1.4%P¢ 345+1.15° 4.06+0.86 220+0.72 <0.01
TRP (umol/L) 25.31+5.49*¢ 36.23+5.215¢ 25.96 +4.03° 38.1+£4.99 <0.001
KYN/TRP ratio 0.206 + 0.039*"< 0.097 +0.034°¢ 0.159 +0.040° 0.058+0.019 <0.01

2vs transplantation group.
bvs HD group.
‘vs control group.

BMI: body mass index; BP: blood pressure; BUN: blood urea nitrogen; Cr: creatinine; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipopro-
tein cholesterol; TAS: total antioxidant status; TOS: total oxidant status; IDO: indoleamine 2,3-dioxygenase; KYN: kynurenine; TRP: tryptophan; KYN/TRP ratio:

kynurenine to tryptophan ratio; NS: nonsignificant.

The variables with normal distributions were analyzed
using the Kolmogorov-Smirnov test. Student's t-test
and the Mann-Whitney U test were used for compari-
sons between the groups. The categorical variables
between groups were analyzed using the chi-square
test. The relationships between continuous variables
were evaluated using Pearson’s correlation coefficient. A
p value of <0.05 was considered statistically significant.

Results

The demographic and biochemical data of the partici-
pants are shown in Table 3. There were no significant
differences in age, gender, BMI, or systolic and diastolic
blood pressure between the groups. The serum IDO
concentrations in the PD, HD, and KT groups were
increased compared to the control group (43.77 £ 26.19,
41.2+34.59, 31.01 £16.36, and 25.65+22.03; p=0.003,
p=0.016, and p=0.046, respectively) (Figure 2). The
highest IDO concentrations were found in the PD group.
There were decreased tryptophan and elevated kynure-
nine levels in the PD, HD, and KT groups compared to
the control group. Tryptophan concentrations in the PD
and HD groups were significantly decreased compared
to the KT and control groups (both p < 0.05) (Figure 3).

Kynurenine concentrations in the PD group were signifi-
cantly increased compared to the HD, KT, and control
groups (all p <0.05) (Figure 4). The kynurenine/trypto-
phan ratio was significantly increased in the PD group
compared to the HD, KT, and control groups (all
p < 0.01) (Figure 5).

Based on Pearson’s correlation, there was a relation-
ship between kynurenine and TOS, BUN, and creatinine
(r=0.455, p=0.001; r=0.617, p=0.00; and r=0.545,
p =0.00, respectively). There was an inverse correlation
between tryptophan and both BUN and creatinine
(r=-0.656, p=0.00; r=—0.680, p=0.00, respectively).
The kynurenine/tryptophan ratio was strongly correlated
to IDO, OSI, BUN, and creatinine (r=0.263, r=0.814,
r=0.779, and r=0.738, respectively; all p=0.001). IDO
concentrations were correlated with BUN (r=0.245,
p=0.027) and creatinine (r=0.392, p =0.000). Age was
correlated to BMI (r=0.335, p=0.002) and systolic
blood pressure (r=0.340, p=0.002). Gender was
inversely correlated to BUN (r=—-0.372, p=0.001) and
creatinine (r=—0.364, p =0.001) (Table 4).

BUN was significantly elevated in the PD group com-
pared to all other groups (p=0.000), and creatinine was
significantly elevated in the PD group compared to the
KT and control groups (p = 0.000).
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Figure 3. Serum tryptophan concentrations between the groups.

The serum concentration of TAS was significantly
decreased in the PD and HD groups compared to the
control group (both p<0.05). TAS levels in the PD
group were significantly decreased compared to the KT
group. The concentration of TOS in the PD and HD
groups was significantly increased compared to the con-
trol group (both p < 0.05). TOS levels in the PD group

groups

were significantly elevated compared to the HD and KT
groups. The kynurenine/tryptophan ratio and kynure-
nine and urea levels were positively correlated to TOS
levels.

Total, LDL, and HDL cholesterol levels were signifi-
cantly increased in the PD group compared to the KT
group (p=0.005, p=0.004, and p =0.020, respectively).
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HDL cholesterol was significantly higher in the PD group ~ and p =0.001, respectively). Total and HDL cholesterol
than in the HD group (p=0.040). Total, LDL, and HDL  were significantly decreased in the HD group compared
cholesterol were significantly decreased in the KT group to the control group (p=0.038 and p=0.024,
compared to the control group (p=0.002, p=0.001, respectively).
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Table 4. The correlations of BUN and creatinine with gender,
IDO, KYN, TRP, KYN/TRP ratio (n=81).

BUN Creatinine
r p r p
Gender —0.372 0.001 —0.364 0.001
IDO 0.245 0.027 0.392 <0.001
KYN 0.617 0.000 0.545 <0.001
TRP —0.656 0.000 —0.680 <0.001
KYN/TRP ratio 0.779 0.000 0.738 <0.001

BUN: blood urea nitrogen; IDO: indoleamine 2,3-dioxygenase; KYN: kynure-
nine; TRP: tryptophan; KYN/TRP ratio: kynurenine to tryptophan ratio.

Discussion

The present study showed higher serum IDO levels in
the PD, HD, and KT groups compared to the healthy
controls. This is the first report on patients undergoing
peritoneal dialysis compared to hemodialysis and kid-
ney transplant recipients. This is also the first report of
increased kynurenine/tryptophan ratios in the PD
group compared to the other groups. Decreased tryp-
tophan and increased kynurenine have been described
in patients with renal disease, and our data agree with
these reports.®>'® We similarly found decreased trypto-
phan and increased kynurenine levels in the HD and
KT groups compared to the control group. However, in
this study the tryptophan and kynurenine levels were
determined in patients currently on peritoneal dialysis.
The kynurenine/tryptophan ratio was positively corre-
lated with OSI, BUN, and creatinine levels. We used a
highly sensitive technique, UPLC-MS/MS, to measure
tryptophan and its metabolite, kynurenine, in the par-
ticipants’ serum.'® As previously described, the kynure-
nine/tryptophan ratio shows the activity of 1D0.*°
Chronic renal disease is characterized by imbalances in
immunity and disruption of the immune response, and
IDO is involved in down-regulation in the immune pro-
cess, as a crucial immunosuppressive molecule.?'*? In
inflammation, IDO is elevated in response, and it is
also a potential marker of immune activation in cardio-
vascular disease.”® The measured increased serum IDO
concentration could be the result of the increased
expression of this enzyme in the monocytes. The value
of such a measurement has been confirmed in a study
in HD patients in which plasma IDO level was found
increased, positively associated with markers of inflam-
mation (indicating that inflammation upregulates IDO),
and negatively associated with response to a vaccine
with a T-cell dependent antigen.”* Tryptophan is an
essential amino acid that is metabolized into kynure-
nine by IDO. Kynurenine is known as the main meta-
bolic route for the catabolism of tryptophan.
Kynurenine is involved in several fundamental bio-
logical processes, such as cell apoptosis and

interruption of the cell cycle in the G1 phase, and it
plays a key role in the regulation of inflammation in
some diseases and in oxidative stress.”> It was
reported that interleukins and superoxide dismutase
can inhibit the activity of IDO. In addition, the synthe-
sis of IDO is induced by inflammatory cytokines. Other
inflammatory molecules, such as interferon o and B,
may stimulate the activity of IDO.?*?” Moreover, vari-
ous studies have indicated that IDO has effects on the
immunoregulatory mechanism in chronic renal dis-
ease.'®° In context with the previous comment, it is
interesting the fact that at the noted serum concentra-
tions neither the decrease in L-tryptophan via general
nonderepressible 2 (GCN2) kinase activation, nor the
increase in kynurenine via aryl-hydrocarbon receptor
(AhR) activation could be responsible for the immuno-
modulatory effects of IDO since in vitro experiments
have shown that much larger alterations are required.
However, a recent study in HD patients confirmed
increased IDO levels in monocytes, which makes pos-
sible its immunomodulatory role in the microenviron-
ment of inflammation, where such alterations are
possible.?® In addition, one mechanism by which IDO
exerts its immunosuppressive effect is induction of
T-cell apoptosis. A study in HD patients detected an
inverse relation between plasma IDO levels and T-cell
count.? A proinflammatory process has been identified
in patients with chronic uremia, which may induce
uremic complications characteristic of disease, such as
oxidative stress and vascular and neurologic impair-
ment.?’*° These complications lead to decreased qual-
ity of life in dialysis patients. In our study, BUN and
creatinine were increased in the PD group compared
to the other groups, and IDO was correlated to BUN
and creatinine levels. There was a statically significant
difference between the PD group and the KT group
with regard to BUN and creatinine. In addition, serum
BUN levels were significantly increased in the PD
group compared to the HD group. After successful
transplantation, many metabolic abnormalities associ-
ated with uremia may resolve. In the present study,
the kidney transplant recipients had no significant dif-
ferences with the control group with regard to BUN.
Elevated oxidative stress may cause chronic inflam-
mation in patients on hemodialysis and peritoneal dia-
lysis." Therefore, there may be a focus on inhibiting
or activating IDO, and on oxidative status. In the cur-
rent study, we determined the activity of IDO and oxi-
dative stress in all of the subjects. It has been shown
that IDO activity is increased under oxidative stress
conditions. Oxidative stress and infections were the
first activated mechanisms of IDO activity.*? Thus,
kynurenine may be enhanced during oxidative stress,



and the ratio of tryptophan to kynurenine may reflect
the condition of oxidative stress in patients with
chronic kidney disease who are on hemodialysis and
peritoneal dialysis. Oxidative stress might contribute to
the decline of renal function in these patients, and it
may provoke inflammation via activation of immune
cells. Likewise, the presence of inflammation promotes
oxidative stress via several mechanisms, including gen-
erating reactive oxygen and nitrogen. Inflammation
and oxidative stress are correlated to poor clinical out-
comes in chronic kidney disease patients undergoing
hemodialysis and peritoneal dialysis.>’ The present
study showed that TOS levels were higher in the PD
group than in the HD group, and the TOS levels were
increased in both of the dialysis groups compared to
the control group. This is similar to several previous
reports. Samouilidou et al. reported that TAS and TOS
levels were more significantly increased in patients on
hemodialysis than in healthy individuals, and hsCRP,
an inflammatory marker, was positively correlated to
TAS levels. It was suggested that hemodialysis patients
have great oxidative stress and, as a defense mechan-
ism, increased antioxidant capacity.33 A connection
between oxidative stress and inflammation in hemodi-
alysis patients may exist.

Clinically, waste substances in the blood are used
for the determination of renal function with regard to
BUN and urea* However, new markers have been
investigated, and the kynurenine/tryptophan ratio has
been identified as a sensitive and reliable marker for
renal function.”® The kynurenine/tryptophan ratio has
also been recommended as a strong and crucial
marker to observe the activation of IDO.*° In our
study, the kynurenine/tryptophan ratio was the most
increased in the PD group, seeming to indicate that
peritoneal dialysis is not a good treatment for chronic
renal disease. It was also of note that kynurenine was
found to positively correlate with TOS levels, with an
increased kynurenine/tryptophan ratio being related to
oxidative stress. The presence of oxidative stress in
chronic renal disease might induce the proinflamma-
tory condition as a result of the increased kynurenine/
tryptophan ratio. These findings are also consistent
with the elevated kynurenine and kynurenine/trypto-
phan ratios found to be common in hemodialysis
patients in previous studies, such as that of Kato et al.
Tryptophan was decreased in the HD group compared
to the control group in the present study.*> The accu-
mulation of tryptophan metabolites contributes to sev-
eral outcomes, such as infectious disease, anemia, and
neurological disease.®

The treatment for end-stage chronic renal disease is
kidney transplantation, which provides improved
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mortality and quality of life compared to peritoneal
dialysis and hemodialysis.>® The oxidant-antioxidant
balance in patients on dialysis and with renal trans-
plants has been determined in several studies, with
some showing that oxidative stress was increased and
counterbalanced by elevated antioxidant mechanisms
in kidney transplant recipients.” In one study, IDO
activity was related to graft survival in transplant
patients.®® In another study, cholesterol levels were
increased in the PD group compared to the transplant
group.®® Zinellu et al. reported that cholesterol-lower-
ing treatments ameliorated oxidation and inflamma-
tion. Elevated cholesterol appears to excite oxidative
stress and proinflammatory markers in patients on
peritoneal dialysis.*® Brandacher et al. reported that an
elevated kynurenine/tryptophan ratio was associated
with acute kidney rejection.*' Another report indicated
that the induced activity of IDO was not able to pre-
vent the immune response resulting in damage to
graft tissue.** Our data are consistent with the find-
ings of Minz et al. on oxidative status in stable renal
transplant recipients, counterbalanced by increased
antioxidant pathways.*?

In conclusion, patients on peritoneal dialysis, hemodi-
alysis, and kidney transplantation have increased IDO,
with the greatest increases in patients on peritoneal dia-
lysis, who were more prone to oxidative stress com-
pared to the other groups. This study highlights the
greater importance of oxidative stress and IDO activity
in patients on peritoneal dialysis than in those on hemo-
dialysis or with kidney transplants.
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