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Abstract

Resistin is a secretory adipocytoine, which is expressed mainly in humans by inflammatory cells
especially macrophages. Resistin serum levels are elevated in end-stage renal diseases of people
having an increased risk of infections as a result of impaired polymorphonuclear leukocytes (PMNLSs)
functions. Objectives: To evaluate neutrophil functions (phagocytosis and oxidative burst) in child-
ren with end-stage renal disease (ESRD) on regular hemodialysis and to shed light on the contri-
bution of resistin on neutrophil functions. Patients and Methods: The study included 40 children
with ESRD on regular hemodialysis. Their ages ranged from 6 to 12 years, and they were selected
from children attending the pediatric hemodialysis unit of AL-Zahraa Hospital, Al-Azher Universi-
ty during the period from October 2012 to December 2013. Another group of 40 apparently
healthy children with matched age and sex with the patient group served as a control. Serum re-
sistin, phagocytic index and nitro blue tetrazolium test (NBT%) were assessed in both groups. Re-
sults: There was a statistically more significant increase in resistin serum levels in cases than in
controls; it was (3.25 * 0.86 ng/ml) and (0.25 * 0.16 ng/ml) respectively (P < 0.01). On the other
hand there was a statistically more significant decrease in neutrophil phagocytic index in cases
than in controls; it was (2.57 * 1.34) and (3.55 * 0.74) respectively (P < 0.01). Also it showed a sta-
tistically more significant decrease in NBT% in cases than in controls; it was (47.98 + 16.38%) and
(61.45 % 13.17%) respectively (P < 0.01). We found negative correlation between resistin serum
level with phagocytic index and NBT%, while we found positive correlation between resistin se-
rum level and hemodialysis duration. Conclusion: High resistin serum level in children with ESRD
decreases phagocyte function and oxidative burst of PMNLs, and this is enhanced by the longer
duration of hemodialysis.
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1. Introduction

Chronic kidney disease (CKD) is common, and its prevalence is increasing worldwide. Infection is a major
cause of mortality in end-stage renal disease (ESRD) and hospitalization at all stages of CKD [1].

The second commonest cause of death among patients with ESRD is septicemia and patients with ESRD are
at an increased risk of death from infection compared to the general population [2].

There is a wealth of evidence that disorders of both innate and adaptive immune systems contribute to an in-
creased rate of infections in the course of ESRD. Functional abnormalities of monocytes, neutrophils, and den-
dritic cells are directly linked with infection risk in this patient population [3].

Polymorphonuclear leukocytes (PMNLS) are professional phagocytes which engulf antibody-coated microbes
[4]. They have many intra-cellular granules which contain bactericidal proteins. PMNs are the first line of de-
fense against invading microbes and important players in inflammation [1].

The adipose tissue has pleiotropic functions far beyond the storage of energy, and it secretes a humber of
hormones and cytokines, called adipokines, which have biological effects that impact health and disease. Adi-
pokines are markedly elevated in the plasma of uremic patients, mainly due to decreased renal excretion. They
have pluripotent signaling effects on inflammation/oxidative stress (e.g. leptin, adiponectin, resistin) [5].

Resistin is a protein mediator secreted by adipocytes and macrophages within the adipose tissue [6]. In hu-
mans, resistin is essentially expressed in macrophages from white adipose tissue, rather than in human adipo-
cytes per se [7].

Conventional HD does not significantly decrease plasma resistin levels. Resistin was shown to interfere with
the chemotactic movement and the oxidative burst of neutrophils at concentrations seen in uremia. As neutro-
phils are cells of the first-line nonspecific immune defense, resistin may contribute to the disturbed polymor-
phonuclear leukocyte (PMNLSs) functions [8] and as a consequence to the increased risk of infections in uremic
patients [5].

We aimed to shed light on the contribution of resistin on neutrophil functions including phagocytosis and
oxidative burst in children with end-stage renal disease (ESRD) on regular hemodialysis.

2. Patients and Methods

The study is a cross sectional comparative study. It was carried out on 80 children, their ages ranged from 4 - 16
years during the period from October 2012 to December 2013. They were divided into two groups: Group I:
(case group): included 40 with ESRD (GFR 15 ml/min/1.73) on regular hemodialysis, at least more than 3
months at the time of the study for 4 hours/setting, 3 times weekly with low flux polysulphone membrane by
Fresenius machine. They were selected from the hemodialysis unit of Al-Zahraa hospital, Al-Azhar University,
they were 21 female and 19 male. The most common cause of ESRD in patients group was FSGS in 20% fol-
lowed by unknown (17.5%) and polycystic kidney (17.5%).

Group 1lI: (control group) included 40 apparently healthy children matched age and sex with group I, they
were selected from patients relatives. Children with; primary immune deficiency, acute and chronic infections
children receiving medications (antibiotics, cytotoxic drugs, immunosuppressive) were excluded from the study.
Patients were subjected to full history taking; etiology, onset of CKD and the duration of hemodialysis, history
of medications and recurrent infection, including (cellulites, gingivitis, pneumonia, UT], otitis media) and labor-
atory investigations for both groups.

Informed consent was obtained from the participating parents in adherence with the guidelines of the ethical
committee of AL-Zahraa hospital, AL-Azhar University, Cairo, Egypt.

2.1. Blood Sample Collection

5 ml venous blood samples were withdrawn.
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e 2mlon EDTA blood for CBC.
o 3 ml of the samples were put in a plain tube and left to clot and sera were separated for BUN, serum creati-
nine and CRP.
o Another portion of the serum samples were stored frozen at-20 c after careful labeling till the time of resistin
assay.

4 ml of fresh venous blood samples on heparin for assessment of neutrophil functions (phagocytosis and
oxidative burst).

2.2. Assessment of Serum Resistin

Serum resistin level was measured by ELISA technique (using commercially available kit) supplied by Bio-
vender research and diagnostic products.

Principal of the Procedure
This assay employs a quantitative sandwich enzyme immunoassay technique, which measures resistin in less
than 5 hours.

2.3. Assessment of Neutrophil Functions

2.3.1. Procedure

e The fresh venous blood samples were left to sediment and the buffy coat was taken and washed with PBS
(Phosphate Buffer Saline) centrifuged at 800 - 1000 rpm for 10 minutes.

e Equal volumes from sediment + PBS + pooled serum was added to two tubes.

o Candida albicans was added in the first tube and incubated at 37°C for 30 minutes and 100 micron of NBT
reagent in the second tube was added and incubated at room temperature for 15 minutes.

e After incubation both samples were centrifuged for 5 minutes at 800 - 1000 rpm and slides was made and
stained with Leisheman stain for 2 min, dilute with Gimesa stain for 5 minutes [9].

2.3.2. Estimation of Phagocytic Index and NBT%
Quantitate phagocytosis under oil-immersion microscopy, examining at least 200 cells and counting the number
of internalized bacteria in each one. Calculate amount of phagocytosis according to the following formula:
1) Phagocytic index (PI) = (percentage of macrophages containing at least one bacterium) x (mean number of
bacteria per positive cell).
The normal reference range for phagocytic index is (2.4 - 4.5) [10].
2) NBT% = (number of macrophages containing engulfed NBT/total number of counted macrophages) x 100.
The normal reference range (47% - 85%).

2.4. Statistical Analysis

The data of collected questionnaire was entered and analyzed using SPSS 16.0 (Statistical Package for Social
Sciences). Mean and standard deviation was given for normally distributed quantitative variables. Frequencies
and percentages were given for qualitative variables. Two-independent sample t test was applied to observe
group mean differences. Pearson correlation was applied to observe correlation between quantitative variables, P
value of <0.05 was considered statistically significant. Receiver operating characteristic curve (ROC) was used
to assess the best cut off point with sensitivity, specificity, positive predictive value (+PV) and negative predic-
tive value (—PV).

3. Results

Table 1: showed that there is no statistically significant difference between patients group and the controls
regarding total leukocyte counts (TLCs) and absolute neutrophil counts (ANCs), while there is a high statisti-
cally significant decrease in RBCs, Hb, Hct% and platelets counts in patients group than the controls. There was
a statistical significant increase in serum creatinine and BUN in patients group compared to the controls. The
same table showed that there was significant differences between patients group and the controls regarding CRP,
we found that 24 (60.00%) out of 40 patients have CRP +ve, while all the controls have CRP —ve.
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Table 1. Comparison between patients group and the controls regarding age and routine laboratory data and CRP.

Control Patients
Independent t-test
Variables (No. 40) (No. 40)
Mean SD Mean SD t p-value
Age years 10.95 +2.86 10.01 £3.27 1.287* 0.202
TLC x 10° mm® 7.64 1.47 8.25 3.82 -0.941 0.350
ANC x 10° mm® 48 0.99 4,52 2.72 0.602 0.549
RBCs x 10° mm® 4.69 0.43 3.47 0.76 8.827 0.000
Hb gm/dl 12.04 0.94 9.1 1.87 8.921 0.000
Hct% 36.37 2.55 28.19 4.79 9.537 0.000
Platelet x 10° mm® 290.25 51.25 247.18 87.61 2.684 0.009
ESR mm/first hour 12.78 4.25 51.68 31.32 -7.784 0.000
Creatinine mg/dl 0.35 0.11 7.86 2.08 22.796 0.000
Urea mg/dI 20.72 6.80 143.00 84.08 —7.248 0.000
CRP no % no % X2 p-value
+ve 0 100.00% 24 60.00%
25.563 0.000
-ve 0 0.00% 16 40.00%

p > 0.05: Non-significant; p < 0.05: Significant; p < 0.01: Highly significant.

Table 2: showed that the most common type of recurrent infection in dialysis children was pneumonia 19
(47.5%) followed by UTI 13 (32.5%) while the least common infection type was otitis media (2.5%).

Table 3: showed significant increase in resistin serum level in patient group compared to the controls, the
same table showed significant decrease in phgocytic index and NTB% in patients group than in controls.

Table 4: showed significant increase in resistin serum level in patients with CRP positive, while there was a
statistically significant decrease in neutrophil phagocytic index and NBT% in patients with CRP positive.

Table 5: showed significant positive correlation between resistin serum level with hemodialysis duration,
while negative correlation between resistin with both neutrophil phagocytic index and NBT%.

Figure 1: showed negative correlation between the duration of hemodialysis and phagocytic index.

Table 6, Figure 2: showed sensitivity and specificity of resistin serum level in predicting PMNLSs dysfunc-
tions in children with ESRD on regular hemodialysis; it revealed that resistin is 100% sensitive and specific in
predicting PMNLs dysfunctions in children on regular hemodialysis.

4. Discussion

The major concern of the present study is to assess resistin serum level in children with ESRD on regular hemo-
dialysis and detect its reflection on PMNLs functions including phagocytosis and oxidative burst. We found
highly significant increase in resistin level in patients group than the controls (p < 0.01). Resistin levels have
been found to be increased in chronic inflammatory conditions such as inflammatory bowel disease, rheumatoid
arthritis, and uremia [11].

Our results are in agreement with [8] who found that resistin level is higher in dialysis group than the con-
trols ,also a study by [12] reported that increased serum resistin level in patients with ESRD. The study of [13]
found that, the median serum resistin level was higher in children of uremia than controls in particular with a
glomerular etiology compared with those with a non glomerular etiology (21.3 ng/mL vs 17.9 ng/mL; p = 0.03).

In our study we found significant decrease in neutrophil phagocytic function in patients group than in controls,
which assessed by phagocyte index (PI) by measuring of phagocyte activity of candida albicans or bacterial cells
ingested per phagocyte (neutrophil) during a limited period of incubation of a suspension of bacteria and pha-
gocytes in serum. PMNLs are professional phagocytes which engulf antibody-coated and complement-coated
microbes, damaged cells & cellular debris. They have many intra-cellular granules which contain bactericidal
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Table 2. Types of recurrent infections in patients group.

Recurrent infections Frequency Percent
Pneumonia 19 475
UTI 13 325
Cellulites’ 4 10
Tonsillitis 3 7.5
Otitis Media 1 25
Total 40 100

Table 3. Comparison between patients group and the controls regarding resistin level, neutrophil phagocyic
index and NBT%.

Controls Patients
Independent t-test
Variables (No. 40) (No. 40)
Mean SD Mean SD t p-value
Resistin ng/ml 0.25 0.16 3.25 0.86 -21.681 0.000
Phagocytic index 3.55 0.74 2.57 1.34 4.055 0.000
NBT% 61.45 13.17 47.98 16.38 4.055 0.000

Table 4. The relation between CRP and resistin level, phagocytic index and NBT%.

Negative CRP Positive CRP Independent t-test
Variables
Mean SD Mean SD t p-value
Resistin ng/ml 2.96 0.67 3.67 0.95 -2.8 0.008
Phagocytic index 3.05 1.37 1.84 0.94 3.087 0.004
NBT% 52.13 16.91 41.75 13.78 2.041 0.048

Table 5. Correlation between resistin level and some of clinical and laboratory parameters.

Resistin ng/ml

Variable
r p-value

Age (y) -0.036 0.828
Duration of dialysis/month 0.351 0.027
Urea mg/dI -0.011 0.947
Creatinine mg/dl 0.092 0.574
Phagocyte index —0.569 0.000
NBT% —0.569 0.000

Table 6. Correlation between resistin level and some of clinical and laboratory parameters.

Best cut off point AUC Sensitivity Specificity +PV -PV

>0.741 100.00 100.00 100.00 100.0 100.0
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Figure 1. Correlation between hemodialysis duration and phagocyte index.
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Figure 2. Receiver operating characteristic (ROC) curve for resistin serum
level in predicting PMNLSs dysfunctions in hemodialysis children.

proteins. PMNLS are the first line of defense against invading microbes and important players in inflammation
[3]. The susceptibility of CKD patients to infections as a result of defective phagocytosis is caused by a variety
of factors, including uremic toxins such as resistin, iron overload, anemia of renal disease and dialyzer bioin-
compatiblity [14].

Pneumonia is the commonest encountered infection type in the studied patients group, it is detected in (47%)
followed by UTI (32.5%) and cellulites (10%), tonsillitis and otitis media represent (7.5%) and (2.5%) respec-
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tively. The susceptibility of CKD patients to infections as a result of defective phagocytosis caused by a variety
of factors, including uremic toxins such as resistin, iron overload, anemia of renal disease and dialyzer bioin-
compatiblity [14]. Although clinical experience suggests that pneumonia occurs frequently in dialysis patients,
its clinical epidemiology in that group remains poorly defined [15].

Our results are in agreement with the results of [16] who reported that PMNLSs ability to phagocyte is related
to kidney function.

In our study there was a highly statistically significant decrease in oxidative burst of neutrophils in patients
group than the controls which assessed by nitroblue tetrazolium test (NBT%). Nitroblue tetrazolelium test (NBT)
is a test for assessment of oxidative function of neutrophils by measuring the activity of the NADPH oxidase
system which generate superoxide and related oxygen intermediates which control bacterial and fungal infec-
tions [17].

Our results are in agreement with. [18] who found that oxidative system of neutrophils are severely impaired
in CKD patients and worsen progressively with the degree of renal failure. Ghobrial et al. [19] found that CKD
is a state of oxidative stress and impaired oxidative functions.

In our study positive correlation between resistin level and the duration of hemodialysis (r = 0.351, p = 0.027),
as resistin is an inflammatory cytokine, that was clearly associated with general inflammation and renal disease,
it is increased with the longer duration of the disease and not improved by dialysis because conventional hea-
modialysis does not significantly decrease plasma resistin level [8] [20] [21].

In our study there was a highly statistically significant increase in CRP level in patients group than the control
group. In agreement with our results [19] who reported that children with CKD had higher percentages of posi-
tive CRP than the controls. Also in the same line [22]-[25], they reported highly significant increased CRP le-
vels in maintenance hemodialysis patients. Accordingly, we found that significant increase in serum resistin lev-
el with CRP positive than CRP negative patients, as well as significant decrease in the neutrophil functions
(phagocytic index and nitroblue trtrazolium test NBT%) with CRP positive children than CRP negative, as CRP
positive conditions are associated with inflammations and chronic infections that alter neutrophil functions. CRP
and other acute phase proteins which are elevated in dialysis patients represent the single largest cause of mor-
tality and morbidity in chronic renal failure patients due to impaired immunity.

In our study there was significant negative correlation between serum resistin level and neutrophil functions
(phagocytosis and oxidative burst) as well as it is highly specific and sensitive in predicting PMNLSs functions.
Cohen et al. [8] found that high uremic resistin levels attenuate chemotaxis and the oxidative burst of PMNLs
compared with normal levels, but they did not found a statistically significant difference as regard PMNL pha-
gocytosis of opsonized E coli. The difference may be attributed to that [8] Cohen et al. [8] using PMNLs of
healthy subjects and expose them to high levels of resistin.

5. Conclusion

High resistin levels in children with ESRD decrease phagocytic function and oxidative burst of PMNLSs and this
effect is enhanced by the progression of the disease and longer duration of dialysis. We recommend targets for
pharmacological intervention or new hemodialysis modalities to reduce resistin serum level, consequently im-
proving PMNLSs functions in these patients. Further studies are required in a large number of patients to deter-
mine the diagnostic implications of resistin in CKD patients.
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