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ABSTRACT 

The association of haptoglobin (Hp) with various cancers has been reported and also it has been documented that 
the Hp phenotypes/genotypes have different functional ability. So, we examined phenotypes/genotypes of Hp in 
newly diagnosed, untreated non-muscle invasive bladder cancer (NMIBC) patients and investigated its prognos-
tic value for risk stratification of the cancer. In eighty NMIBC patients and 80 healthy individuals the Hp geno-
types and phenotypes were analyzed using polymerase chain reaction (PCR) and two-dimensional gel electro-
phoresis (2D-GE), respectively. Besides, the presence of the Hpα1, α2, and β chains in the sera was confirmed 
by Mass Spectrometry (MS). The frequencies of the 1-1 and 2-2 genotypes/phenotypes were respectively higher 
and lower in healthy subjects compared to the patients. Our results revealed that the 2-2 genotype/phenotype 
could increase the risk of NMIBC. There was a positive association between the 2-2 genotype/phenotype with 
the T category/grade of cancer (p<0.05). The present study implied a strong association between the Hp pheno-
types and genotypes with NMIBC. It was found that the 2-2 genotype and phenotype could be a risk factor for 
NMIBC incidence, as well as, progression. This study introduced Hp genotyping as a possible cost-effective and 
precise method for prognosis of individuals at the risk of NMIBC. 
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INTRODUCTION 

Bladder cancer, the fourth most prevalent 
cancer in men, is three times less common 
among women but steadily growing in the 
prevalence. It has been reported that the me-
dian age of diagnosis for bladder cancer is 65 
years, while it occasionally occurs under 40 
years of age (NCCN, 2016; Scosyrev et al., 
2009). Non-muscle invasive bladder cancer 
(NMIBC) and muscle-invasive bladder can-
cer (MIBC) are the two clinically identified 
bladder cancers. NMIBC comprises about 
75 % of initially diagnosed patients. In about 
90 % of NMIBC patients with early diagno-
sis and treatment, at least five-year survival 
could be expected, while in the patients who 
left unchecked (over 70 % cases) the recur-
rence rate of the cancer is very high. Up to 
25 % of NMIBCs may eventually upstage 
and become invasive. The muscle invasive-
ness, along with higher grade, warrants less 
favorable prognosis due to disease progres-
sion and eventual metastasis (NCCN, 2016; 
Scosyrev et al., 2009; Shadpour et al., 2016). 
Traditionally, early diagnosis of bladder can-
cer may entail years of scheduled monitoring 
with cystoscopies and occasional tran-
surethral resections (Avritscher et al., 2006). 
However, urine cytology, urine tests like 
bladder tumor antigen (BTA) and nuclear 
matrix protein-22 (NMP-22), and newer mo-
lecular and genetic markers that detect gene 
mutations such as RAS, FGFR3, PIK3CA, 
and TP53 in urinary sediment may help in 
the early detection and prediction of urothe-
lial carcinomas (van Rhijn et al., 2005). Cur-
rently, in order to diagnosis of bladder can-
cer, no appropriate urinary assays exist to re-
place urine cytology and cystoscopy, with or 
without biopsy (van Rhijn et al., 2005). 

Haptoglobin (Hp), a sialoglycoprotein 
produced mainly by the liver, is composed of 
α- and β-chains (a tetrameric protein with 
two α/β dimers). Hp β-chains are same in all 
types and the α-chains (α1 and α2) are exclu-
sively susceptible to polymorphisms. Ex-
pression of Hp is controlled by two alleles 
Hp1 and Hp2, located on the chromosome 
16q22 in humans and present as three major 

phenotypes Hp1-1, Hp2-2, and Hp1-2. Hp1-
1 is stronger than other phenotypes in antiox-
idant properties binding to free hemoglobin. 
However, angiogenic potential in Hp2-2 is 
higher than Hp1-1 and Hp1-2. It can be said 
that the Hp1-2 phenotype displays moderate 
functional features in comparison with the 
other phenotypes (Langlois and Delonghe, 
1996; Cid et al., 1993). Several studies have 
examined the possible association between 
Hp types and its phenotypes/genotypes with 
various cancer incidences (Carter and 
Worwood, 2007). In this regard, increased 
levels of serum Hp have been reported in a 
variety of malignancies such as lung (Lu et 
al., 2016), breast (Awadallah and Atoum, 
2004; Tabassum et al., 2012), liver (Ibrahim 
et al., 2012), kidney (Burbea et al., 2004), 
and ovarian cancers (Mandato et al., 2012). 

Considering possible association between 
the Hp and cancers and on the other hand, 
different functional ability of Hp phenotypes 
and genotypes, in the present study we ex-
amined phenotypes/genotypes of Hp in pa-
tients with NMIBC and investigated its 
prognostic value for risk stratification of the 
cancer. 

 
MATERIALS AND METHODS 

Patients and sample preparation 
Eighty NMIBC patients and 80 healthy 

individuals were recruited in this study. The 
patients were prospectively enrolled based 
on their clinical diagnosis of bladder cancer 
at Hasheminejad Kidney Center (HKC), a 
national referral center for urologic patients, 
via pathologic results (from March 2016 to 
March 2018). Newly diagnosed primary un-
treated cases with NMIBC with no history of 
chronic illness, immunotherapy, chemo-
therapy or prior exposure to blood products 
were included in the study. All participants 
were informed about the purpose of the 
study and informed consent was obtained 
from all individual participants included in 
the study. Healthy individuals without any 
type of cancers and chronic disease were se-
lected as the control group. The present 
study protocol was reviewed and approved 
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by the Ethical Committee of Tabriz Univer-
sity of Medical Sciences [Reg. No. 
TBZMED.REC.1394. 315]. 

Fasting blood samples (5 ml) from the 
patient (before surgery) and control individ-
uals were taken and were used for serum iso-
lation and a fraction collected in an EDTA-
containing tube for DNA extraction. Histo-
pathological classification of stage and grade 
were performed by an experienced uropa-
thologist in accordance with the 2004 Amer-
ican Joint Committee on Cancer (AJCC) 
TNM staging system and 2004 
WHO/International Society of Urological 
Pathology classification systems, respective-
ly. 

 
Hp phenotyping using two-dimensional gel 
electrophoresis (2D-GE) 

Enrichment of serum haptoglobin 
The purpose of this step was to remove 

non-protein contaminants (Damerval et al., 
1986). Serum samples of 100 µl were incu-
bated with 1 ml cold acetone solution con-
taining 10 % tri-chloroacetic acid (TCA) and 
20 mM dithiothreitol (DTT) at -20 °C for 12 
hours. Then, the mixture was centrifuged at 
17000 g for 15 minutes at 4 °C. The superna-
tant was discarded and the pellets incubated 
with 1 ml cold acetone solution (containing 
20 mM DTT) at -20 °C for an hour. The 
mixture was then centrifuged at 12000 g for 
15 minutes at 4 °C. The pellets were re-
suspended in a lysis buffer composed of 7M 
Urea, 2M Thiourea, 4 % (w/v) 3-[(3-
cholamidopropyl) dimethyl ammonio]-1-
propane sulfonate  (CHAPS), IPG buffer 
(pH=4-7) and 35 mM Tris at room tempera-
ture.  

Serum protein quantification 
To achieve a uniform loading for two-

dimensional gel electrophoresis (2D-GE), 
the protein concentration of the dissolved 
samples in rehydration buffer were deter-
mined using the Bradford method (Bradford, 
1976). 

Rehydration of IPG strips 
150 µg of the proteins was diluted to 320 

µl with rehydration buffer (8 M Urea, 2 % 
CHAPS, 50 mM DTT, 0.2 % IPG buffer at 
pH=4-7) and 0.002 % Bromophenol Blue. 
The IPG strips (Bio-Rad; 18 cm; pH=4-7) 
were rehydrated for 11-16 hours. 

First dimensional analysis by isoelectric  
focusing (Using Multiphor II; Bioscience 
Amersham) 

Isoelectric focusing (IEF) run was done 
using the following protocol: 150 vh be-
tween 0 - 300 v, 300 vh between 300 - 500 v, 
2000 vh between 500 - 3500 v and in fourth 
step, 39500 vh in 3500 v. 

Second dimensional analysis by SDS-PAGE 
(using Protean II Xi Cell) 

After IEF, the IPG strips were equilibrat-
ed in two different buffers (for 20 minutes in 
each equilibration buffer). The first and sec-
ond equilibration buffers were composed of 
6M Urea, 0.375 M Tris-Hcl (pH=8.8), 20 % 
Glycerol, 2 % SDS, and 2 % DTT and 2.5 % 
Iodoacetamide respectively. Then the pro-
teins were analyzed using SDS-PAGE (sodi-
um dodecyl sulfate polyacrylamide gel elec-
trophoresis) and stained with silver nitrate. 
Protein spots from the stained gel with silver 
nitrate were removed and investigated by 
Mass Spectrometry. 

 
Hp genotyping using and polymerase chain 
reaction (PCR) 

Genomic DNA was extracted from the 
peripheral blood mononuclear cells by DNA 
extraction kit (Genomic DNA Blood/Culture 
Cell Mini Kit; FavorGen). For amplification 
of the specific sequences of the HP1 allele 
(1757-bp) and HP2 allele (3481-bp), primers 
A (5-GAGGGGAGCTTGCCTTTCCATTG-
3′) and B (5′-GAGATTTTTGAGCCCTGG-
CTGGT-3′) and for amplification the specif-
ic sequence of the HP2 allele (349-bp), pri-
mers C (5′-CCTGCCTCGTATTAACTGC-
ACCAT-3′) and D (5′-CCGAGTGCTCCA-
CATAGCCATGT-3′) were used, respective-
ly (Koch et al., 2002; Li et al., 2009). PCR 
was performed in a final volume of 20 μl 
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comprising 100 ng of genomic DNA. For 
genotyping Hp two protocols were used as 
follows: 

Protocol 1) 1×PCR buffer (Ampliqon, 
Odense, Denmark), 0.2 mM dNTPs, 2 mM 
MgCl2, 1 μM of each primer (A and B) and 2 
units of Ampliqon taq DNA polymerase 
were used. Amplification conditions used 
with thermal cycler were: a primary incuba-
tion for 10 minutes at 95 °C followed by 40 
cycles of incubation at 95 °C for 30 seconds, 
35 seconds at 68 °C, and 120 seconds at 
72 °C, with a final extension 10 minutes at 
72 °C. 

Protocol 2) 1×PCR buffer (Ampliqon), 
0.1 mM dNTPs, 2 mM MgCl2, 1 μM of each 
primer (C and D) and 2 units of Ampliqon 
taq DNA polymerase were used. Amplifica-
tion conditions used with thermal cycler 
were: a primary incubation for 10 minutes at 
95 °C followed by 40 cycles of incubation at 
95 °C for 30 seconds, 30 seconds at 69 °C, 
and 30 seconds at 72 °C with a final expan-
sion 10 minutes at 72 °C. 

First, protocol 1 was performed on blood 
samples with primers A and B. Then, in the 
presence of the 1757-bp product, protocol 2 
was performed with primers C and D. Final-
ly we ran the obtained PCR products on 
1.5 % agarose gel electrophoresis. 

 
Statistical analysis 

Statistical analysis was done using the 
Statistical Package for Social Sciences 
(SPSS version 16.0). Chi2 test helped evalu-
ate the distribution of Hp phenotypes/ geno-
types among patients and healthy controls 
(when a cell with n<5 was present, Fisher's 
exact test was used). The cutoff for the level 
of statistical significance was defined as p 
<0.05. 

 
RESULTS 

Clinical, pathological and demographic 
information of the participants are given in 
Table 1. The percentage of patients with tu-
mor in the pathological stages of Ta and T1 
was 57.5 % and 42.5 % respectively and the 

grade of the tumors was 48.8 % low and 
51.2 % high.  

 
Table 1: Demographic and clinicopathological 
variables in non-muscle invasive bladder cancer 
patients and healthy controls 

Variables Patients 
(n=80) 

Controls 
(n=80) 

Age 
(Year) 

60.74±14.70 53.99±15.19 

Gender n 
(%) 
M/F 

73 (91.2) / 7 
(8.8) 

74 (92.5) / 6 
(7.5) 

T category n 
(%) 
Ta/T1 

46(57.5) / 34 
(42.5) 

- 

Grade n (%) 
Low/High 

39(48.8) / 41 
(51.2) 

- 

 
The distribution of HP genotypes was 

evaluated and is shown in Figure 1A. 
HP1/HP1, HP2/HP2, and HP1/HP2 geno-
types were characterized by single 1757-bp 
bands, single 3481-bp bands, and the exist-
ence of both bands, respectively. Further-
more, to confirm the genotypes, PCR with 
protocol 2 was conducted (Figure 1B). 

Frequency of the genotypes between 
healthy and NMIBC groups was significant-
ly different (p<0.001, Table 2), as we found 
that the frequency of the HP1/HP1 and 
HP2/HP2 genotypes were respectively high-
er and lower in healthy subjects compared to 
the patients (46.2 % vs. 18.75 % and 15 % 
vs. 37.5 %, respectively). Further logistic re-
gression analysis also revealed that the 
HP2/HP2 genotype could have a detrimental 
effect and possibly increase the risk of non-
muscle invasive bladder cancer about 5 
folds. Analysis of the HP allele’s frequency 
showed similar results. The results showed 
that the HP1 allele frequency was higher in 
the control group than in the cancer patients 
(65.6 % vs. 40.6 %), while the number of pa-
tients carrying the HP2 allele was higher in 
comparison with the healthy individuals 
(59.4 % vs. 34.4 %, p<0.001, Table 2). Our 
results demonstrated that existence of the 
HP2 allele could increase the risk of bladder 
cancer about 2.8 times. 
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Figure 1: Haptoglobin (Hp) genotyping by polymerase chain reaction (PCR) 
(A) PCR with the protocol 1 (primers A and B) was performed and the products have been run on aga-
rose gel and visualized under UV light. The HP1/HP1 (1-1), HP2/HP2 (2-2), and HP1/HP2 (1-2) geno-
types were characterized by single 1757-bp bands, single 3481-bp bands, and existence of the both 
bands, respectively. (B) PCR with the protocol 2 (primers C and D) was conducted to confirm the gen-
otyping and observation of a 349-bp band was considered as HP2/HP2 (2-2) and HP1/HP2 (1-2) gen-
otypes, whereas lack of such band implied the genotype of HP1/HP1 (1-1). 

 

Protein analysis of the Hp phenotypes in 
the serum samples using 2D-GE/mass spec-
trometry revealed three chains including α1 
(13 kDa), α2 (20 kDa), and β (40-45 kDa) 
(Figure 2). As shown in Table 2, the fre-
quency of the Hp phenotypes was signifi-
cantly different between healthy and patient 
groups (p<0.001). We observed that individ-
uals with the Hp2-2 phenotype are probably 
at higher risk of developing NMIBC (about 6 

folds) when compared to the patients having 
other Hp phenotypes.  

Our results revealed that patients with the 
HP2/HP2 genotype had a higher grade 
(p=0.002, Table 3) and T1-category tumor 
(p=0.001, Table 3), while HP1/HP2 and 
HP1/HP1 carrying patients had tumors with 
lower grade/Ta-category. As shown in Table 
3, high grade/T1-category cancer was seen 
mostly in patients with Hp2-2 phenotype. 
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Table 2: The frequency of haptoglobin phenotypes and genotypes in non-muscle invasive bladder 
cancer (NMIBC) patients (n=80) and healthy controls (n=80) using Chi2 test 

 Control 
n (%) 

NMIBC 
n (%) 

p-Value (χ2, df) Odd ratio, 95% CI  
(Lower-Upper, p) 

Phenotypes    
Hp1-1 30 (37.5) 12 (15) <0.001* (17.630, 2) Reference Group 
Hp1-2 36 (45) 32 (40) 2.222 (0.977-5.053, p=0.057) 
Hp2-2 14 (17.5) 36 (45) 6.429 (2.586-15.981, p=0.001*) 
Genotypes    
HP1/HP1 37 (46.2) 15 (18.75)  Reference Group 
HP1/HP2 31 (38.8) 35 (43.75) <0.001* (17.264, 2) 3.785 (1.289-9.018, p=0.07) 
HP2/HP2 12 (15) 30 (37.5)  5.167 (2.510-15.151, p=0.001*) 
Alleles     
HP1 105 (65.6) 65 (40.6) <0.001* (20.078, 1) Reference Allele 
HP2 55 (34.4) 95 (59.4) 2.790 (1.772-4.393, p=0.001*) 

*The cutoff for level of statistical significance was defined as p<0.05. 
df: degrees of freedom ; χ2: Chi2 value; CI: confidence interval 
 

 
Figure 2: Haptoglobin (Hp) phenotyping by two-dimensional gel electrophoresis/mass spectrometry 
(2D-GE/MS) 
A total of 150 µg of serum protein from control and patient groups were analyzed by two-dimensional 
gel electrophoresis. Serum proteins were first separated on pI=4–7 IPG strips and then on sodium do-
decyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and stained with silver nitrate. Protein 
spots from the stained gel with silver nitrate were removed and investigated by mass spectrometry 
(MS). α1, α2 and β haptoglobin chains were observed at 13 (pI~5.2), 20 (pI~5.4-5.6) and 40-45 
(pI~4.6-5.6) kDa, respectively (indicated by arrows) in control and patient serum samples.  
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Table 3: T category and grade of tumor in patients with transitional cell carcinomas regarding pheno-
types and genotypes of haptoglobin using Chi2 test 

 T category  Grade 
 Ta T1 p-Value 

(χ2, df) 
 Low High p-Value 

(χ2, df) 
Phenotypes        
Hp1-1 n (%) 10 (21.7) 2 (5.9) 0.02* 

(7.835, 2) 
 11 (28.2) 1 (2.4) 0.005* 

(10.568, 2) Hp1-2 n (%) 21 (45.7) 11 (32.4)  14 (35.9) 18 (43.9) 
Hp2-2 n (%) 15 (32.6) 21 (61.8)  14 (35.9) 22 (53.7) 
Genotypes        
HP1/HP1 n 
(%) 

13 (28.3) 2 (5.9) 0.001* 
(13.358, 2) 

 12 (30.8) 3 (7.3) 0.002* 
(12.148, 2) 

HP1/HP2 n 
(%) 

23 (50) 12 (35.3)  19 (48.7) 16 (39) 

HP2/HP2 n 
(%) 

10 (21.7) 20 (58.8)  8 (20.5) 22 (53.7) 

*The cutoff for level of statistical significance was defined as p <0.05. 
df: degrees of freedom; χ2: Chi2 value 
 
 

DISCUSSION 

In the present study, we investigated if 
there is an association between Hp pheno-
types and genotypes with NMIBC. Our re-
sults showed that the HP2/HP2 genotype 
frequency was higher in patients with 
NMIBC compared to healthy individuals. 
We found the HP2 allele and consequently 
the HP2/HP2 genotype can be considered as 
a possible risk factor for NMIBC. In contra-
ry, the HP1/HP1 genotype showed a protec-
tive effect against the cancer. These findings 
revealed that functional polymorphism of Hp 
which can affect its antioxidant and angio-
genic potentials could increase risk of the 
bladder cancer. So, it could be postulated 
that the polymorphism of Hp can be consid-
ered as a valuable prognostic marker for 
stratification of individuals at the risk of 
bladder cancer; the PCR-based analysis of 
Hp polymorphism seems to be a rapid and 
exact method for stratification. In accordance 
with our findings, Chen and colleagues 
found lower frequency of the HP1 allele in 
patients with head and neck cancer compared 
to normal individuals (Chen et al., 2008). 
Besides, Awadallah and Atoum (2004) have 
documented over-displaying of the HP2 al-
lele in non-familial breast cancer patients. 
However, no study has been conducted on 

the association between the HP genotypes 
and bladder cancer.  

The analysis of Hp phenotypes almost 
supported the data obtained for genotyping, 
as we observed higher frequency of the Hp2-
2 phenotype in the NMIBC patients in com-
parison with the healthy subjects. Individuals 
who were carrying the Hp2-2 phenotypes 
were at the risk of bladder cancer. In support 
of these findings, association between the 
Hp2-2 phenotype and gastric cancer has been 
reported (Jayanthi et al., 1989). In contrary, 
Dimopoulos et al. (1983) found no signifi-
cant association between the distribution of 
Hp phenotypes and bladder cancer. Further-
more, low frequency of the Hp2-2 phenotype 
was reported in patients with bladder cancer 
(Benkmann et al., 1987). Such controversial 
results could be due to technical issues in 
phenotyping as we used a more precise and 
sensitive method (2D-GE) than previous 
studies (starch gel electrophoresis). Besides, 
we just recruited untreated patients with 
NMIBC and not all types of bladder cancers. 

Such an association between the 2-2 
genotype/phenotype with NMIBC can be re-
lated to its lower antioxidant capacity and 
higher angiogenicity potential compared to 
the 1-1 genotype/phenotype (Langlois and 
Delonghe, 1996; Cid et al., 1993). In this re-
gard, the role of hemoglobin oxidation in 
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cancer development has been demonstrated 
(Angeli et al., 2011; Della Rovere et al., 
1995) and thus the 2-2 genotype/phenotype 
with poor efficacy of binding to hemoglobin 
attenuates protection against free radicals 
(Langlois and Delonghe, 1996). It is as-
sumed that the 2-2 genotype/ phenotype can 
cause accumulation of free radicals and other 
noxious reactive oxygen species in the free 
hemoglobin (Kaplan, 2002; Melamed-Frank 
et al., 2001) and so facilitates cancer for-
mation. On the other hand, high potential of 
the Hp2-2 in angiogenesis (Langlois and 
Delonghe, 1996; Cid et al., 1993) can pave 
the way for tumorigenesis and cancer pro-
gression (Rajabi and Mousa, 2017; Mohajeri 
et al., 2017). In support of this hypothesis we 
also found association between the 2-2 geno-
type/phenotype with T category/ grade of the 
tumor in NMIBC patients. Pirincci et al. 
(2012) also represented the association be-
tween Hp levels with size, extent of distant 
metastasis, cancer cell migration and T cate-
gory/ grade of a tumor.  

Therefore, the possible mechanisms that 
through them 2-2 genotype/phenotype can 
induce bladder cancer development are as 
follows: lowering the antioxidant capacity, 
accumulation of free radicals in the presence 
of free hemoglobin, enhancement of iron ac-
cumulation and facilitating cancer cell mi-
gration and angiogenesis.  

It should be mentioned that although the 
present study was conducted with relatively 
small sample size but we recruited new cases 
with NMIBC and also the 2D-GE/MS was 
used for phenotyping which is a more pre-
cise and sensitive method. However, for fur-
ther clarification new studies with larger 
sample size, as well as, studies on other 
types of bladder cancer are required.  

In conclusion, the present study implied a 
strong association between the Hp pheno-
types/genotypes with NMIBC. It was found 
that the 2-2 genotype/phenotype could be 
considered as risk factors as well as could be 
useful biomarkers in diagnosis of new blad-
der cancer cases. This study introduced Hp 
genotyping as a possible cost-effective and 

precise method for prognosis of individuals 
at the risk of NMIBC. 

 
Acknowledgments 

This work was supported by Drug Ap-
plied Research Center, Tabriz University of 
Medical Sciences, Tabriz, Iran. The authors 
thank Drug Applied Research Center, Tabriz 
University of Medical Sciences, Hashemine-
jad Kidney Center (HKC), and all the pa-
tients and healthy individuals who partici-
pated in this study. 

 
Funding 

This study was funded by Drug Applied 
Research Center, Tabriz University of Medi-
cal Sciences, Tabriz, Iran [grant num-
ber 7683/23]. 

 
Conflict of interest 

The authors declare that they have no 
conflict of interest. 

 
REFERENCES 

Angeli JP, Garcia CC, Sena F, Freitas FP, Miyamoto 
S, Medeiros MH, et al. Lipid hydroperoxide-induced 
and hemoglobin-enhanced oxidative damage to colon 
cancer cells. Free Radic Biol Med. 2011;51:503-15. 

Avritscher EB, Cooksley CD, Grossman HB, Sabichi 
AL, Hamblin L, Dinney CP, et al. Clinical model of 
lifetime cost of treating bladder cancer and associated 
complications. Urology. 2006;68:549-53. 

Awadallah SM, Atoum MF. Haptoglobin polymor-
phism in breast cancer patients form Jordan. Clin 
Chim Acta. 2004;341:17-21. 

Benkmann HG, Hanssen HP, Ovenbeck R, Goedde 
HW. Distribution of alpha-l-antitrypsin and hapto-
globin phenotypes in bladder cancer patients. Hum 
Hered. 1987;37:290-3. 

Bradford MM. A rapid and sensitive method for the 
quantitation of microgram quantities of protein utiliz-
ing the principle of protein-dye binding. Anal Bio-
chem. 1976;72:248-54. 

Burbea Z, Nakhoul F, Rosenberg S, Zoabi R, Skorec-
ki K, Hochberg I, et al. Role of haptoglobin pheno-
type in end-stage kidney disease. Nephron Exp Neph-
rol. 2004; 97:e71-6. 



EXCLI Journal 2020;19:351-359 – ISSN 1611-2156 
Received: August 28, 2019, accepted: March 02, 2020, published: March 10, 2020 

 

 

359 

Carter K, Worwood M. Haptoglobin: a review of the 
major allele frequencies worldwide and their associa-
tion with diseases. Int J Lab Hematol. 2007;29: 92-
110. 

Chen CB, Su YC, Huang TT, Ho HC, Chang YT, 
Tung YT, et al. Differentially expressed serum hapto-
globin alpha chain isoforms with potential application 
for diagnosis of head and neck cancer. Clin Chim Ac-
ta. 2008;398:48-52. 

Cid MC, Grant DS, Hoffman GS, Auerbach R, Fauci 
AS, Kleinman HK. Identification of haptoglobin as an 
angiogenic factor in sera from patients with systemic 
vasculitis. J Clin Inves. 1993;91:977-85. 

Damerval C, De Vienne D, Zivy M, Thiellement H. 
Technical improvements in two‐dimensional electro-
phoresis increase the level of genetic variation detect-
ed in wheat‐seedling proteins. Electrophoresis. 
1986;7: 52-4. 

Della Rovere F, Granata A, Broccio M, Zirilli A, 
Broccio G. Hemoglobin oxidative stress in cancer. 
Anticancer Res. 1995;15:2089-95. 

Dimopoulos MA, Germenis A, Savides P, Karayannis 
A, Fertakis A, Dimopoulos C. [Genetic markers in 
papillary cancer of the bladder]. J Urol (Paris). 
1983;89: 693-4. 

Ibrahim NE, Osman OF, Konozy EH, Ahmed HM, 
Elagib AA. Distribution of haptoglobin phenotypes 
among patients with different types of cancer in Su-
dan. ACT Biotechnol Res Commun. 2012;2:94-9. 

Jayanthi M, Habibullah CM, Ishaq M, Ali H, Babu 
PS, Ali MM. Distribution of haptoglobin phenotypes 
in oesophageal and gastric cancer. J Med Genet. 
1989;26: 172-3. 

Kaplan J. Strategy and tactics in the evolution of iron 
acquisition. Semin Hematol. 2002;4:219-26. 

Koch W, Latz W, Eichinger M, Roguin A, Levy AP, 
Schömig A, et al. Genotyping of the common hapto-
globin Hp 1/2 polymorphism based on PCR. Clin 
Chem. 2002;48:1377-82. 

Langlois MR, Delonghe JR. Biological and clinical 
significance of haptoglobin polymorphism in humans. 
Clin Chem. 1996;42:1589-600. 

Li SC, Chen YC, Wei CK, Lin CH, Yu CC, Tung YT, 
et al. Haptoglobin polymorphism in breast cancer. J 
Chin Oncol Soc. 2009;25:175-83. 

Lu J, Wang Y, Yan M, Feng P, Yuan L, Cai Y, et al. 
High serum haptoglobin level is associated with tu-
mor progression and predicts poor prognosis in non-
small cell lung cancer. Oncotarget. 2016;7:41758-66. 

Mandato VD, Magnani E, Abrate M, Casali B, Nicoli 
D, Farnetti E, et al. Haptoglobin phenotype and epi-
thelial ovarian cancer. Anticancer Res. 2012;32: 
4353-58. 

Melamed-Frank M, Lache O, Enav BI, Szafranek T, 
Levy NS, Ricklis RM, et al. Structure-function analy-
sis of the antioxidant properties of haptoglobin. 
Blood. 2001;98:3693-8. 

Mohajeri A, Sanaei S, Kiafar F, Fattahi A, Khalili M, 
Zarghami N. The challenges of recombinant en-
dostatin in clinical application: Focus on the different 
expression systems and molecular bioengineering. 
Adv Pharm Bull. 2017;7:21-34. 

NCCN, National Comprehensive Cancer Network. 
Clinical practice guidelines in oncology. Bladder 
Cancer V [Online]. Philadelphia, PA: NCCN, 2016. 
Available: 
http://www.nccn.org/professionals/physician_gls/pdf/
bladder.pdf [Accessed 29 August 2016]. 

Pirincci N, Gecit I, Gunes M, Kemik AS, Yuksel MB, 
Kaba M, et al. Haptoglobin levels in Turkish patients 
with bladder cancer and its association with clinico-
pathological features. Asian Pac J Cancer Prev. 2012; 
13:6063-6. 

Rajabi, M, Mousa S. The role of angiogenesis in can-
cer treatment. Biomedicines. 2017;5:34. 

Scosyrev E, Noyes K, Feng C, Messing E. Sex and 
racial differences in bladder cancer presentation and 
mortality in the US. Cancer. 2009;115:68-74. 

Shadpour P, Emami M, Haghdani S. A comparison of 
the progression and recurrence risk index in non-
muscle-invasive bladder tumors detected by narrow-
band imaging versus white light cystoscopy, based on 
the EORTC scoring system. Nephrourol Mon. 2016;8: 
e33240. 

Tabassum U, Reddy O, Mukherjee G. Elevated serum 
haptoglobin is associated with clinical outcome in tri-
ple-negative breast cancer patients. Asian Pac J Can-
cer Prev. 2012;13:4541-4. 

van Rhijn BW, Van Der Poel HG, van der Kwast TH. 
Urine markers for bladder cancer surveillance: a sys-
tematic review. Eur Urol. 2005;6:736-48. 

 


