J Med Biochem 2013; 32 (3)

DOI: 10.2478/jomb-2013-0019

UDK 577.1 : 61

ISSN 1452-8258

J Med Biochem 32: 220–226, 2013

Original paper
Originalni nau~ni rad

THE RELATIONSHIP BETWEEN HAPTOGLOBIN POLYMORPHISM
AND OXIDATIVE STRESS IN HEMODIALYSIS PATIENTS
ODNOS IZME\U POLIMORFIZMA HAPTOGLOBINA I OKSIDATIVNOG STRESA
KOD PACIJENATA NA HEMODIJALIZI
Mawieh Hamad1, Samir Awadallah1, Hamzah Nasr2
1Department

of Medical Laboratory Sciences, University of Sharjah, Sharjah, UAE
2Specialty Medical Laboratories, Amman, Jordan

Summary

Kratak sadr`aj

Background: The relationship between haptoglobin polymorphism and oxidative stress in hemodialysis patients is not fully
understood. In this study, total antioxidant capacity and ceruloplasmin ferroxidase activity were evaluated in relation to
haptoglobin phenotype distribution in hemodialysis patients.
Methods: Serum samples collected from 161 patients and
84 healthy controls were haptoglobin-typed by electrophoresis. Ceruloplasmin ferroxidase activity and total antioxidant
capacity were assayed using colorimetric methods.
Results: Irrespective of the haptoglobin phenotype, patients
exhibited significantly lower total antioxidant capacity
(1.42±0.29 vs. 1.55±0.28 mmol/L, P=0.002) and higher
ferroxidase activity than controls. Frequency of Hp1-1 and
Hp2-1 in patients was 15.5% and 36% as compared with
9.5% and 41.7% in controls. While ferroxidase activity was
lower in Hp2-2 patients than in controls (142±61 vs.
179±47 U/L, P=0.002), it was higher in Hp2-1 (173±56
U/L) and Hp1-1 (170±54 U/L) patients than in controls
(141±43 and 99±30 U/L respectively) (P=0.002 and
0.009). Ferroxidase activity in Hp2-2 patients was significantly lower than that of Hp2-1 or Hp1-1 patients (P=0.004
and 0.034). Total antioxidant capacity was significantly lower
only in Hp2-2 patients (1.44±0.25) compared to that in
Hp2-2 controls (1.65±0.22) (P=0.000).
Conclusions: These findings suggest that haptoglobin polymorphism can differentially impact oxidative stress levels in
hemodialysis patients.

Uvod: Odnos izme|u polimorfizma haptoglobina i oksidativnog stresa kod pacijenata na hemodijalizi nije dovoljno
istra`en. U ovoj studiji, kod pacijenata na hemodijalizi odre|eni su ukupan antioksidantni kapacitet i aktivnost ceruloplazmin feroksidaze u odnosu na distribuciju fenotipa haptoglobina.
Metode: U uzorcima seruma uzetim od 161 pacijenta i 84
zdravih kontrolnih subjekata putem elektroforeze je odre|en
tip haptoglobina. Aktivnost ceruloplazmin feroksidaze i ukupan antioksidantni kapacitet utvr|eni su kolorimetrijskim
metodama.
Rezultati: Nezavisno od fenotipa haptoglobina, kod pacijenata je uo~en zna~ajno ni`i ukupan antioksidantni kapacitet
(1,42±0,29 vs. 1,55±0,28 mmol/L, P=0,002) i ve}a aktivnost feroksidaze nego kod kontrolnih subjekata. U~estalost
Hp1-1 i Hp2-1 kod pacijenata bila je 15,5% i 36%, u
pore|enju sa 9,5% i 41,7% kod kontrolnih subjekata. Dok je
aktivnost feroksidaze kod Hp2-2 pacijenata u odnosu na
kontrolu bila manja (142±61 vs. 179±47 U/L, P=0,002),
kod Hp2-1 (173±56 U/L) i Hp1-1 (170±54 U/L) pacijenata bila je ve}a nego u kontrolnoj grupi (141±43, odnosno
99±30 U/L) (P=0,002 i 0,009). Aktivnost feroksidaze kod
Hp2-2 pacijenata bila je zna~ajno manja nego kod Hp2-1 i
Hp1-1 pacijenata (P=0,004 i 0,034). Ukupni antioksidantni kapacitet bio je zna~ajno ni`i samo kod Hp2-2 pacijenata (1,44±0,25) u odnosu na Hp2-2 kontrolne subjekte
(1,65±0,22) (P=0,000).
Zaklju~ak: Na{i rezultati ukazuju na mogu}i diferencijalni
uticaj polimorfizma haptoglobina na nivoe oksidativnog stresa kod pacijenata na hemodijalizi.
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Introduction
Antioxidants present in blood and other body
fluids represent a major line of defense against the
formation and accumulation of free radicals and reactive oxygen species. Among the major primary antioxidants in circulation are Hp, Cp, superoxide dismutase, glutathione peroxidase and catalase (1, 2).
Additionally, some secondary antioxidants like vitamin
E, vitamin C, b-carotene and uric acid function to
remove newly formed free radicals (1–3). Currently, it
is possible to assess the antioxidative capacity or the
sum antioxidative potential of the various classes of
endogenous and exogenous antioxidants by means of
commercially available kits referred to as TAO measuring kits (3). Use of such kits is routinely indicated
in cases where increased oxidative stress is suspected.
Among the clinical conditions known to perturb the
balance between free radical formation and accumulation on the one hand and the availability or potency
of extracellular antioxidants on the other are hemofiltration and dialysis (4–6). Chronic renal failure (CRF)
patients, irrespective of the underlying pathology, generally undergo one form or another of blood dialysis,
mostly HD, as means of kidney function replacement
therapy. HD results in marked changes in the concentration of serum proteins and other constituents due
to filtration, dilution effects and alterations in the synthesis, metabolism or activity of many constituents
(4–6). Increased production of free radicals and significant alterations in the availability or activity of various serum antioxidants are outcomes known to be
associated with long-term HD (7, 8). Previous work
has indicated that HD patients are under increased
oxidative stress and possibly at high risk of developing
oxidative stress-related complications (9–13).
Among the major serum antioxidants is Hp,
which functions as a scavenger of free hemoglobin
(14, 15). In humans, Hp synthesis is controlled by
two alleles (Hp1 and Hp2) resulting in three major
protein phenotypes: Hp1-1 type, Hp2-1 type and
Hp2-2 type. The functional properties of Hp are typedependent. Hp1-1 is a more potent antioxidant and
binds more strongly with free hemoglobin compared
with Hp2-2 (15). Hp1-1 prevents iron loss and the
formation and accumulation of Fenton reactionderived free radicals at a greater rate than Hp2-2 (14,
15). Hp polymorphism was shown to heavily bear on
the prevalence of many diseases. Hp2-2 is over-represented in autoimmunity (16, 17); it is also a risk factor in some oxidative stress-related disease states like
chronic renal failure (18). Hp2 homozygosity in diabetics has been shown to increase the risk for
nephropathy and retinopathy (19–21). Another
serum antioxidant is Cp, which is a liver-derived copper-containing free radical scavenger. Cp, via its ferroxidase activity, is vital in iron metabolism as it converts iron from the ferrous state to ferric iron,
facilitating the release and binding of ferric iron to
transferrin (22–24). Decreased Cp ferroxidase activi-
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ty and aceruloplasminemia were both shown to lead
to some oxidative stress-related disease states
(25–27).
The bearing of Hp polymorphism on the antioxidative potential in HD patients is yet to be evaluated. In this study, the relationship between Hp polymorphism and the status of Cp ferroxidase activity as
well as TAO capacity was evaluated in HD patients.
Relevance of the cause of HD to the overall antioxidative capacity of HD patients was also investigated.

Materials and Methods
Sample collection
Blood samples were collected from 161 unrelated HD patients. Inclusion criteria consisted of diagnosis with end-stage renal failure and regular attendance of a dialysis center in Jordan. Patients were
enrolled in the study irrespective of period on dialysis,
type of medication, age, gender, or underlying disease state. Clinical data regarding the exact cause of
HD was obtained from the patient’s medical records
with prior permission of the attending physician.
Detailed information pertinent to the general characteristics of patients are given in Table I below. For the
control group, blood samples were collected from 84
randomly selected, apparently healthy, unrelated individuals with no history of disease and not on any kind
of medication; mean age was 42 ± 13 and male/female ratio was 57/27. All participants were informed
of the goals of the study and asked to sign an institutionally-drafted form of consent on the understanding
that his or her name will be kept confidential.

Table I General characteristics of patients included in the
study.
Mean age ± SD (years)
Age range (years)
Gender (male/female)
Cause of renal failure (n, %)
Glomerulonephritis
Hypertension
Diabetes mellitus
PKD
Other
Dialysis modalities
– Dialysis time/session (hours)
– Sessions/week
– Overall period on hemodialysis
(years)
Type of dialysis membrane (%)

Dialysate buffer

46±13
19–80
109/52
(52, 32%)
(45, 27.8%)
(30, 19%)
(14, 8.8%)
(20, 12.4%)
3–4
3
3.1±2.6
Modified cellulose
or synthetic
Bicarbonate
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Typing of Hp
Hp type distribution was determined using 8%
vertical polyacrylamide gel electrophoresis (PAGE) as
described previously (28). Briefly, Hp-hemoglobin
complex solution was prepared by adding 5 mL of
10% hemoglobin A to 40 mL of the sample buffer
(50% glycerol) followed by addition of 10 mL sample
serum. Electrophoresis was run at room temperature
for 4 hours at 130 volts. The gel was then removed
from the apparatus and immersed in benzedine solution for 30 minutes to visualize the Hp bands. Benzedine solution was prepared by dissolving 0.2 g of
benzedine in 250 mL boiling water. Just prior to staining, 1.5 mL glacial acetic acid and 0.6 mL H2O2
were added to the benzedine solution.
Measurement of Cp ferroxidase activity
and TAO status
Cp Ferroxidase activity was measured using the
O-dianisidine-dihydrochloride colorimetric method
(29). For determination of TAO, commercially available TAO kits (Randox, UK) compatible for application in an automated chemistry analyzer (Express
Chemistry analyzer, CIBA-CORNING, Minnesota,
USA) were used according to manufacturer’s instructions. Briefly, an aliquot of 5 mL sample, calibrator or
control was separately mixed with 250 mL of metmyoglobin and incubated for 30 seconds. A volume of 50
mL of ABTS reagent was added and the subsequent
drop in absorbance was measured at 600 nm 180
seconds later; values of TAO were calculated and
expressed in mmol/L. The intra-assay and inter-assay
CVs for Cp ferroxidase activity were 4.8% and 5.6%
and those for TAO were 6.4% and 8.1%.

remarkably distinct from that of the general population (Table II). In that, the frequencies of Hp1-1 and
Hp2-1 were 15.5% and 36%, as compared with 9.5%
and 41.7% in the control group and the general
Jordanian population at large (30, 31). At levels of
significance ≤ 0.05 and 1 df, the finding that the Chisquare value for the HD population is 5.76 strongly
suggests that deviation from the HWE expectations
cannot be attributed to chance alone.

Table II Hp phenotype distribution in healthy controls and
hemodialysis patients.
Hp Type

Hp1-1

Controls (n=84)

HD patients (n=161)

Observed

Expected

8 (9.5%)

8 (9.2%)

Observed

Expected

25 (15.5%) 18 (11.2%)

Hp2-1

35 (41.7%) 36 (42.3%) 58 (36.0%) 72 (44.6%)

Hp2-2

41 (48.8%) 41 (48.5%) 78 (48.5%) 71 (44.2%)

Total

84

c2 (1df)

85

161

0.028

Allele

161
5.76

Allele frequency distribution as per group

Hp1

0.304

0.335

Hp2

0.696

0.665

n = number of individuals per group, c2 = Chi-square,
df = degrees of freedom

Data analysis
2.00

1.50

TAO mmol/L

Data analysis was carried out using version 17.0
of the SPSS statistical software package (SPSS Inc,
Chicago, IL). The Mann-Whitney U test for nonparametric variables was used to calculate the difference
between various groups (patients vs. controls, different patient groups based on Hp type, sex, age, etc.)
and results were expressed as mean ± SD; statistical
significance was set at P < 0.05. Hardy-Weinberg
equilibrium (HWE) was used to calculate Hp phenotypic and allelic frequencies and Chi-square test statistic was used to measure deviation from expected
values at 1 degree of freedom and 0.05 level of significance.

1.00
1.42±0.29 1.32±0.25 1.40±0.29 1.57±0.25 1.67±0.33 1.42±0.29 1.55±0.28

n = 45

n = 52

n = 30

n = 14

HTN

GN

DM

PKD Others

n = 20

n = 161

n = 84

0.50

0.00

All
patients Controls

Underlying condition in HD patients

Results
Results from this study demonstrate a number of
interesting findings pertinent to the bearing of Hp
phenotype on the oxidative stress in HD patients. Hp
phenotype distribution in HD patients as a whole was

Figure 1 TAO levels in healthy controls and hemodialysis
patients as grouped according to underlying condition
(hypertension, HTN; glomerulonephritis, GN; diabetes mellitus, DM; polycystic kidney disease, PKD; and other miscellaneous forms); values are expressed as mean ± SD.
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Consistent with previous findings (8–10), levels
of TAO where significantly lower in patients than in
controls (P=0.002) (Figure 1). Although levels of Cp
ferroxidase activity were higher in patients than in
controls, the differences were statistically insignificant
(Figure 2). Furthermore, no significant differences
were observed with regard to age or gender as they
relate to levels of TAO and Cp ferroxidase activity
(data not shown). When both parameters were evaluated in relation to Hp type, however, significant
differences were found (Table III). Consistent with previous reports (30), healthy individuals with the Hp2-2
phenotype expressed Cp ferroxidase activity at signif-

Cp Ferroxidase, U/L

200

150

100
140±36 135±37 163±61 1.70±40 176±26 159±51 152±59
n=20 n=161 n=84
n=45 n=52 n=30 n=14

50

0
All Controls
PKD Others patients
Underlying condition in HD patients

HTN

GN

DM

Figure 2 Cp ferroxidase activity in healthy controls and
hemodialysis patients as grouped according to underlying
condition (Hypertension, HTN; Glomerulonephritis, GN; Diabetes mellitus, DM; Polycystic kidney disease, PKD; and other
miscellaneous forms); values are expressed as mean ± SD.

icantly higher levels than healthy individuals with the
Hp1-1 type (P=0.004). In contrast, HD patients with
the Hp2-2 phenotype expressed significantly lower
levels of Cp ferroxidase activity as compared with
Hp2-1 or Hp1-1 patients (P=0.004 and 0.034).
Additionally, while levels of Cp ferroxidase activity
were lower in Hp2-2 patients than in healthy counterparts (P=0.002), they were higher in patients with
Hp2-1 and Hp1-1 than in healthy counterparts
(P=0.009 and 0.002).
With respect to TAO capacity (Table III), healthy
individuals with the Hp2-2 phenotype expressed significantly higher levels than their Hp1-1 (P=0.002) or
Hp2-1 counterparts (P=0.003). In patients, however,
no significant differences in the levels of TAO were
observed among the various Hp types. By comparing
patients with controls, levels of TAO were found to be
significantly lower in patients with Hp2-2 as compared with controls (P=0.000). Although the levels of
TAO were also lower in patients with Hp2-1 than in
their controls counterparts, the differences were statistically insignificant.
Cp ferroxidase activity in patients with hypertension or glomerulonephritis was significantly lower
than that in healthy controls (P=0.045 and 0.034)
(Figure 2). In contrast, its levels in patients with diabetes were significantly higher than in controls (P=
0.048). As for patients with PKD and those with miscellaneous conditions, Cp ferroxidase activity was
insignificantly higher than that in controls (P=0.085
and 0.061). With regard to TAO capacity, patients
with hypertension, glomerulonephritis and diabetes
expressed significantly lower levels than healthy controls (P=0.031, 0.002, and 0.045) (Figure 1).
However, patients with PKD as well as those with miscellaneous conditions expressed slightly higher levels
than healthy controls (P=0.560 and 0.281).

Table III Cp Ferroxidase and TAO levels in hemodialysis patients and controls according to Hp phenotype.
HD Patients (n=161)

Ferroxidase, U/L

TAO, mmol/L

Controls (n=84)

Hp 1-1
(25)

Hp 2-1
(58)

Hp 2-2
(78)

Hp 1-1
(8)

Hp 2-1
(35)

Hp 2-2
(41)

170 ± 54
(NS*)

173 ± 56
(0.004**)

142 ± 61
(0.034***)

99 ± 30
(0.010*)

141 ± 43
(0.000**)

179 ± 47
(0.004***)

(0.002^)

(0.009^^)

(0.002^^)

1.45 ± 0.34
(NS*)

1.39 ± 0.33
(NS**)

1.44 ± 0.25
(NS***)

1.33 ± 0.10
(NS*)

1.47 ± 0.32
(0.002**)

1.65 ± 0.22
(0.003***)

(NS^)

(NS^^)

(0.000^^^)

* P value for 1-1 vs 2-1; ** for 2-1 vs 2-2; for *** 1-1 vs 2-2 for intra-group (controls and patients) analysis
^ P value for 1-1 vs 1-1; ^^ for 2-1 vs 2-1; for ^^^ 2-2 vs 2-2 for inter-group analysis of controls vs. patients
NS = not significant
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Discussion
Several interesting findings regarding the relationship between Hp polymorphism and oxidative
stress can be discerned from the results of the present study. It is clear that HD patients as a whole are
under increased oxidative stress, as evidenced by the
decreased TAO potential and increased Cp ferroxidase activity (Figures 1 and 2). Decreased TAO
capacity is consistent with numerous previous studies,
which have shown that CRF and hemodialysis are
contributing factors to oxidative stress (4, 13, 32–35).
Previous work has demonstrated that levels of iron
storage (serum ferritin) rise in HD patients (36).
Increased iron content in circulation and tissues contributes to the generation of free radicals through the
Fenton reaction. Under such conditions, it is likely
that Cp ferroxidase activity upregulates to handle the
increased availability of ferrous iron, thus enhancing
the efflux of ferric iron from stores and accelerating its
uptake by transferrin in the circulation (23, 24, 37).
Our findings suggest that different Hp phenotypes have differential effects on the overall health
status of HD patients. Disturbed patterns of Hp type
distribution in HD patients as compared with controls,
and the general population (30, 31), vis-à-vis increased representation of Hp1-1 at the expense of
Hp2-1 (Table II), is evidence of that. For one thing, a
Chi-square value of 5.76 as compared with the HWE
expectations (at df = 1 and 0.05 level of significance)
(Table II) can hardly occur due to chance alone.
Instead, such a disturbed pattern of Hp type distribution is strongly suggestive of demographic changes in
this particular population. In other words, there might
be differential rates of mortality among HD patients
depending on the Hp phenotype they express.
Overall, results from this study are consistent with
previous studies, which have demonstrated a link
between Hp polymorphism and the occurrence of
renal failure (18, 38, 39).
Findings presented here clearly indicate that Hp
polymorphism has a significant influence on the level
of oxidative stress in HD patients. For example, HD
patients with Hp1-1 or Hp2-1 have higher levels of
ferroxidase activity than Hp2-2 patients. Moreover,
HD patients with Hp2-1 have higher levels of ferroxidase activity and lower levels of TAO as compared
with Hp1-1 patients or with healthy counterparts. In
fact, levels of TAO in Hp1-1 patients are slightly higher than those in healthy counterparts. These results

suggest that HD patients with the Hp2-1 phenotype
are under higher levels of oxidative stress as compared with HD patients expressing Hp1-1. This may
partially explain the previously noted disturbed pattern of Hp type distribution and the consequent
demographic changes in the HD patient population
(18, 39).
The finding that Hp2-2 patients show significantly lower levels of TAO and Cp ferroxidase activity
as compared with their healthy counterparts clearly
suggests that they are under increased oxidative
stress. Surprisingly, though, and unlike the case in
Hp2-1 patients, the frequency distribution of Hp2-2
did not differ between patients and controls.
Additionally, the decrease in TAO levels is not as significant as that in patients with Hp2-1. On the other
hand, one should keep in mind that the Hp2-2 type
is a poor antioxidant (14, 15). It is possible, therefore,
that other antioxidants could be uniquely triggered in
such individuals as means of compensating for the
inheritance of two Hp2 alleles (Hp2 homozygosity).
The pattern of increase in both Cp ferroxidase activity and TAO capacity in the healthy group as one
moves from Hp1 to Hp2 homozygosity (Table III) is
strongly supportive of this proposition (30). Details
pertinent to the initiation and/or regulation of this
proposed compensatory mechanism, though very significant, have yet to be investigated.
The underlying cause of CRF seems to have little effect on the overall status of oxidative stress in HD
patients. In that, although HD patients with glomerulonephritis or hypertension have lower levels of ferroxidase activity as compared with other HD patient
groups (diabetics, patients with PKD, small kidney
disease or Alport’s disease), no clear pattern can be
discerned regarding the TAO status in the various HD
patient subgroups. This is understandable given that,
with the possible exception of diabetes (40), the
underlying cause of CRF has little to do with antioxidative potential or oxidative stress.
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