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Increased ischemia-modified albumin levels in patients with gastric cancer
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Reactive oxygen species (ROS) are found in the development stages of carcinogenesis.

Fifty two patients with gastric cancer and 35 controls were enrolled in this trial. IMA, MDA, Total Oxidant Status (TOS),
Total Antioxidant Status (TAS) and Oxidative Stress Index (OSI) were evaluated.

There was a significant increase in IMA and MDA levels in the patient group (0.405+0.111, 0.271£0.066; p= 0.0001 and
0.207£0.251, 0.077+0.103; p= 0.004 respectively). TOS was also higher in the patient group but it was not statistically different.
TAS was statistically lower and there was significant difference in OSI (0.621+0.394, 0.996+0.37; p=0.0001 and 9.68+18.2,
2.9+3.85; p=0.001 respectively). The areas under receiver operating characteristics curves for the determination of gastric

cancer were 0.842 for IMA and 0.708 for MDA.

Increased levels of IMA, MDA and oxidative stress index were detected and this condition is associated with the impair-

ment of oxidant-antioxidant balance.

Key words: ischemia modified albumin, gastric cancer, oxidative stress

Gastric cancer is one of the common cancer types in the
world with a high rate of mortality. According to the United
States data, the number of new cases is 21.000 and the number
of estimated deaths is 10.570in 2010 (1). Generally, gastric can-
cer is detected in advanced stage and its prognosis is poor.

Reactive oxygen species (ROS) are found in the develop-
ment stages of carcinogenesis and there is a growing interest
about this subject. ROS include hydroxyl radicals, superoxide
anion radicals and lipid peroxyl radicals, and they may have
two different effects on cell cycle. Elevated levels of ROS cause
tissue injury or DNA damage. Depending on their concentra-
tions they may be secondary messengers stimulating the signal
transduction in the cell and characterizing the viability of
cancer cell. In addition, they also have antitumorogenic effects
that lead to apoptosis (2,3).

Ischemia-modified albumin (IMA) is a product gener-
ated from albumin as a response of hypoxia (4). Acidosis,
superoxide radicals, free iron, and copper ions may lead to
the IMA formation. Increased IMA levels were detected in
cerebrovascular and peripherovascular disease, advanced
liver failure, prostatic diseases, and cancer (5). Malondialde-
hyde (MDA) is a product of lipid peroxidation; it increases in
hypoxic conditions and it is a marker of oxidative stress (6,7).

Gupta et al. examined oxidative stress parameters in patients
with non-small cell lung cancer and studied lipid peroxidation
products, glutation, nitric oxid and superoxide dismutase as
oxidative stress parameters (8). Kersepovic et al. performed
another study in patients with breast cancer and examined
antioxidant status and lipid peroxidation (9). However, there
is no study in the literature about oxidative stress parameters
in patients with gastric cancer. This study was performed on
the basis of this finding and we decided to evaluate the differ-
ences between patients and healthy controls with regard to
these parameters.

Patients and Methods

Patients. Fifty two gastric cancer patients and thirty five
controls (age matched) were enrolled in this case-control
trial. Patients were selected from the Medical Oncology
Clinic of Karadeniz Technical University, Faculty of Medi-
cine, and who had been referred from other practitioners.
Patients were staged according to the seventh edition of the
American Joint Committee. Blood samples were collected
from patients and control subjects on admission, from the
antecubital vein in tubes containing EDTA and Na-citrate.
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Plasma supernatants were obtained after the centrifugation
of blood samples at 3000 rpm for 10 minutes. The remain-
ing serum and plasma samples were kept at —80 °C until
biochemical analyses.

Measurement of Ischemia Modified Albumin Levels.
Reduced cobalt to albumin binding capacity (IMA level) was
analyzed using the rapid and colorimetric method of Bar-Or
et al. (10). Two hundred microliter (uL) of patient Na-citrate
plasma was placed into glass tubes and 50 pL of 0.1% cobalt
chloride (Sigma, CoCL.6H,0) in H,O was added. After gentle
shaking, the solution was left for 10 minutes, in order to ensure
sufficient cobalt albumin binding. Fifty pL of dithiothreitol
(DTT) (Sigma, 1.5mg/ml H,O) was added as a colorizing
agent and the reaction was quenched 2 minutes later by adding
1.0mL 0f 0.9% NaCl. A colorimetric control was prepared for
preoperative and postoperative serum samples. For the colori-
metric control samples, 50 uL of distilled water was substituted
for 50 pL of 1.5 mg/mL DTT. Specimen absorbencies were ana-
lyzed at 470 nm by a spectrophotometer (Shimadzu UV1601,
Australia). The color of the DTT containing specimens was
compared with that of the colorimetric control tubes. The
results were reported as absorbance units (ABSUs).

Serum MDA Activity Assay. Lipid peroxidation in human
serum samples was determined as MDA concentration using
the method described by Yagi (11). Briefly, 2.4mL of N/12
H,SO, and 0.3mL of 10% phosphotungstic acid were added
to 0.3 mL serum. After being allowed to stand at room tem-
perature for 5 min, the mixture was centrifuged at 1600 g for
10 min. Discard supernatant and sediment was suspended in
4ml of distilled water. Subsequently, 1 mL of 0.67% thiobar-
bituric acid was added, and the mixture was heated in boiling
water for 60 min. The mixture was centrifuged at 1600 g for
10 min. The absorbance of the organic layer was read at
532 nm. Tetramethoxypropane was used as a standard and
MDA levels were calculated as nmol/ml.

Measurement of Total Oxidant Status (TOS). TOS of
serum was determined using a novel-automated measurement
method as previously described (12). Serum TOS levels were
calculated in pmol H,O, equivalent/L.

Table 1. Demographic and clinical characteristics of patients with gastric
adenocarcinoma (n = 52)

Characteristics Number of patients (%)
Gender
Female 21 (40)
Male 31 (60)
Age, mean 57.27+12.90
Disease stage
JITN 2(3.85)
1B 5(9.62)
IIIA 7 (13.46)
1I1B 5(9.62)
IIIcC 9(17.30)
v 24 (46.15)

Measurement of Total Antioxidant Status (TAS). The
total antioxidant status of the serum was determined us-
ing a novel-automated measurement method developed by
Erel (13). Serum TAS levels were calculated in mmol Trolox
equivalent/L.

Calculation of Oxidative Stress Index (OSI). TOS : TAS
ratio was used as OSI. To perform the calculation, the units
of TAC, mmol Trolox equivalent/L, were converted to mmol
Trolox equivalent/L, and OSI was calculated as follows: OSI =
[(TOS, pmol H,0,equivalent/L) / (TAS, pmol Troloxequiva-
lent/L) x 100] (14).

Statistical analysis. The normality of data distribution was
examined by using the Kolmogorov-Smirnov test. The differ-
ences between the gastric cancer patients and control subjects
were investigated by independent-t test for data with normal
distribution (IMA and TAS), and by the Mann-Whitney U-test
for data that did not display a normal distribution (TOS, OSI
and MDA). Pearson’s correlation coefficient analysis was used
to examine the relationship between the IMA levels and other
clinical parameters. p values of less than 0.05 were considered
as significantly different.

Results

Fifty two patients with gastric adenocarcinoma and thirty
five age-matched controls were included in this trial (a total
of 87 participants). There was no statistically significant differ-
ence between the patients and the control group with respect
to age (p = .544). Only twenty four patients had metastasis.
Non-metastatic patients were classified into stages according to
the seventh edition of the American Joint Committee among
themselves. Blood samples were collected from all patients
before chemotherapy and all patients had adenocarcinoma.

40% (n:21) of patients were female and 60% (n:31) were
male. In control group 21 of the controls were male and
the others were female. Mean age in the patient group was
57.27+12.90, and 55.34+16.46 in the control group. Baseline
characteristics of patients are provided in Table 1.

IMA levels were evaluated in patients and controls. There
was a significant increase in IMA levels in the patient group (
patients; 0.405+0.111, controls; 0.271+0.066 p= 0.0001). The
patient group were staged as stage IV and stage II-III and,
according to IMA levels there was no significance between
these groups (p>0.05). MDA levels were studied for detect-
ing the difference between patients and controls. MDA levels
were statistically higher in gastric cancer patients ( patients;
0.207+0.251, controls; 0.077+£0.103, p= 0.004). TOS was
higher in the patient group but it was not statistically differ-
ent (p>0.05). TAS was evaluated and there was a statistically
significiant difference between patients and controls with
respect to TAS levels. TAS was lower in patients (p=0.0001).
OSI was studied for evaluating the balance between TOS and
TAS. This parameter was found to be higher in gastric can-
cer patient group (p= 0.01). MDA, TOS, TAS and OSI were
interpreted between stages in patient group. There were no
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statistically significant difference between stage IV and stage
II-III patients with respect to these parameters (p>0.05). All
findings are shown in Table 2 . For all gastric cancer patients,
there was no significant correlation between serum IMA levels
and MDA levels, TAS, TOS and OSI (r = -0.359,P =0.592;r =
-0.523, P=0.537; r = -0.451, P = 0.421; r = -0.138, P = 0.828,
respectively).

IMA, MDA, TAS and OSI levels were also evaluated with
ROC curve analysis. Cut off points, sensitivity %, specificity %,
positive predictive value (PPV) and negative predictive value
(NPV) for the parameters are demonstrated in Table 3 and
Figures 1, 2.

Discussion

Cancer development is a multi-stage process and ROS-me-
diated DNA damage plays an important role in these stages,
especially in initiation and promotion processes (15). Hydroxyl
radicals, peroxide and superoxides are ROSs and they are
produced also in normal cells. However, if ROS generation
increases, tissue damage or DNA damage is observed (3).
Hydroxyl radicals may cause base modification and genomic
instability by interacting with purines or pyrimidins (15). They
may also contribute to the durability of the cancer cell by caus-
ing activation in intracellular signal pathways (3). Antioxidant

enzyme systems also contribute to achieving intracellular ROS
balance. Besides, impairment in oxidant-antioxidant balance
leads to oxidative damage in the cells (4). Low levels of anti-
oxidants play a role in carcinogenesis. Glutathion (GSH) and
superoxide dismutase (SOD) in antioxidants protect cells from
oxidative damage (8). In this study, total oxidant capacity in
the patient group was detected to be high, if not statistically
significant. Antioxidant capacity, on the other hand, was low
compared to the control group. In order to reach a more
meaningful result and eliminate erroneous negativities, oxida-
tive stress index in patients was also evaluated and found to
be higher in the patient group compared to the controls. This
finding supports the observation that reactive oxygen radicals
are higher in patients with gastric adenocancer and that lower
antioxidant levels contribute to carcinogenesis.

IMA and MDA as other important parameters were also
studied in our patients. IMA is a parameter first detected in
1990s and accepted to reveal tissue ischemia (5). It is detected
to have increased not only in myocardial ischemia but also in
other ischemic conditions. Some of these conditions include
liver and kidney failures, acute infections, prostate diseases,
intrauterine events and cancer (5). In this study, IMA levels of
patients were also high. Patients did not have manifestations
of acute infection and or liver and kidney failures. Stencel et
al,, in a study they conducted with pediatric cancer patients,

Table 2. Oxidative stress parameters in patients with gastric adenocarcinoma

Parameter Group

Patient Control Stage IV Stage I1-111
N 52 35 24 28
IMA(ABSU) 0.405+0.111* 0.271+0.066 0.392+0.115 0.416+0.108
MDA (nmol/mL) 0.207+0.251° 0.077+0.103 0.209+0.251 0.208+0.255
TAS(mmolTroloxEquiv./L) 0.621+0.394* 0.996+0.37 0.576+0.41 0.654+0.386
TOS(umolH,0,Equiv./L) 23.6%19.3 22.07+12.8 20.21+18.66 30.81+31.5
OSI 9.68+18.2° 2.9+3.85 7.24+15 11.5+20.3

Note:

* P=.0001 compared with control
® P=.004 compared with control
¢ P=.001 compared with control

Table 3. The optimum diagnostic IMA, MDA, TAS and OSI cutoff point, sensitivity and specifificity according to the receiver operator characteristic

(ROC) curve, PPV and NPV

Cutoff Point Sensitivity(%) (95% Specificity(%) PPV (%) NPV (%)
CI) (95% CI) (95% CI) (95% CI)
iMA >0.280 88.5 73.5 83.6 80.6
(ABSU) (76.6-95.6) (55.6-87.1) (71.1-92.3) (62.5-92.5)
MDA >0.06 66.7 74.1 82.9 51.4
(nmol/mL) (52.1-79.2) (53.7-88.9) (67.7-92.9) (34.0-68.6)
TAS <=0.87 80.4 71.4 78.7 73.5
(mmolTroloxEquiv./L) (66.1-90.6) (53.7-85.4) (64.3-89.3) (55.6-87.1)
OSI >2.1 77.6 61.8 74.5 65.6
(63.4-88.2) (43.6-77.8) (60.2-85.8) (46.8-81.4)
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Figurel. a: IMA levels compared with control
b: MDA levels compared with control
c: TAS levels compared with control

evaluated IMA levels and found them to be higher in the pa-
tient group compared to the controls (16). In another study
conducted with patients with prostate disease and myocardial
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Figure 2. a: The Roc curve of IMA
b: The Roc curve of MDA

100

infarction, IMA was detected to be high in those with prostate
hyperplasia and myocardial ischemia, while no difference was
observed in prostate cancer patients (17). Our study is the
first in literature which detected high IMA levels in gastric
cancer patients.

MDA is alipid peroxidation product, and is mutagenic
and carcinogenic. It causes deoxyguanine and deoxyadenine
formation by interacting with DNA, and this interaction leads
to the formation of pyrimidopurine called MIG (18,19). In
some studies, MDA levels were found to be higher in cancer
patients. MDA levels were elevated also in studies conducted
with larynx, colon and breast cancer patients. A study with
gastric cancer patients also revealed higher MDA levels com-
pared to the control group (7). Similarly, MDA levels were
high in our patients.



ISCHEMIA-MODIFIED ALBUMIN LEVELS IN GASTRIC CANCER

397

According to the ROC analysis IMA and other parameters
were evaluated. IMA is more sensitive than MDA to distin-
guish cancer or not. So, IMA may be a promising marker for
gastric cancer.

Consequently, increased levels of IMA, MDA and oxidative
stress index were detected in gastric cancer patients, and this
condition may be associated with the impairment of oxidant-
antioxidant balance. This observation is also supported by the
decrease in antioxidant capacity. When it is considered that
prostaglandins play a role in gastric cancer pathogenesis, high
MDA level is likely to be associated with lipid peroxidation and
prostaglandin synthesis. This condition supports gastric cancer
development pathogenesis. Yet, further studies are needed to
establish the relationship of IMA, MDA and oxidative stress
parameters with treatment response in gastric cancer and
disease prognosis.
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