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Breast Carcinoma: A Case-Control Study

INTRODUCTION 
Breast cancer represents a major health problem in women 
worldwide; with more than one million new cases per annum, it is 
the most common cancer type and the second leading cause of 
death from cancer in women [1]. Early detection in order to improve 
breast cancer outcome and survival remains the cornerstone of 
breast cancer control. Serum tumour markers play an important role 
in cancer patient prognosis and diagnosis [2-6]. The role of serum 
markers in breast tumour is not established. The most common 
serum markers in breast cancer are CA 15-3 and Carcinoembryonic 
Antigen (CEA). The recently used markers are breast cancer 
associated antigen-BR 27.29, Tissue Polypeptide Antigen (TPA), 
Tissue Polypeptide Specific antigen (TPS) and HER-2 [7-9]. The use 
of serum marker in breast cancer is aiding early diagnosis, prognosis, 
response to therapies and monitoring therapy in advanced disease 
patients. The first identification of a cancer associated Isocitrate 
Dehydrogenase (IDH) enzyme mutation was in patient with colorectal 
cancer. Till date, IDH activities and its alteration have been reported 
in various human cancers [10].

IDH enzyme is a mitochondrial as well as cytoplasmic enzyme, 
requires Mg2+ or Mn2+ ion as a part of TCA cycle, which catalyzes 
oxidative decarboxylation of isocitrate to form α-ketoglutarate [11]. 
Mn2+ in the active site of enzyme interacts with the carbonyl group of 
the intermediate oxalosuccinate and also stabilizes the enol formed 
transiently by decarboxylation [12].

The various isoenzymes of IDH are formed in all eukaryotic cells. 
The mitochondria uses only NAD+ and two other isoforms uses only 
NADP+ located in mitochondria and cytosol both. IDH encode by 
3 types of IDH gene in three polymorphic forms- IDH-1, 2 and 3. 
IDH1 and IDH2 encode cytosolic and mitochondrial matrix NADP+ 

dependent (or NADPH dependent) enzymes both are differ from 
IDH3. [Table/Fig-1] showing that IDH1 and IDH2 catalyze reversible 
reactions and have no known allosteric modifiers, whereas the 
reaction catalyzed by IDH3 is irreversible and allosterically regulated 
by a variety of positive calcium, ADP, citrate, ATP, NADH, and 
NADPH effectors [13]. The wild type IDH-1/2 converts isocitrate 
to α-ketoglutarate, producing NADPH in this process. Mutant IDH 
-1/2 converts α-ketoglutarate to D -2 hydroxygluterate, consuming 
NADPH. Altered NADPH/NADP+ ratio causes change in redox 
regulation [14].
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ABSTRACT
Introduction: Breast cancer represents a major public health 
problem in women worldwide. For many cancers, serum 
tumour markers play an important role in patient treatment and 
monitoring. Isocitrate dehydrogenase enzyme is also used as a 
biomarker for various types of cancer. 

Aim: The purpose of this study was to determine serum 
Isocitrate dehydrogenase-2 (IDH-2) enzyme activity in breast 
cancer patients (pre and post chemotherapy) and also correlate 
the changes in enzyme activity with stages of cancer and control 
groups.

Materials and Methods: In this case-control study, histologically 
confirmed 40 female patients aged 28-80 years who fulfilled the 
criteria for diagnosis of invasive breast cancer were selected 
in our study groups from surgery outpatient department of SS 
Hospital, BHU, Varanasi, India, and 40 healthy age matched 

females were selected between October 2013 to July 2015. 
The estimation of serum IDH-2 enzyme activity in before and 
after two cycles of neoadjuvant chemotherapy patients was 
performed by spectrophotometry assay.

Results: The mean serum IDH-2 activity in cases (Mean±SD) 
was significantly more than control group (p<0.001). The 
mean serum IDH-2 activity in cases was significantly decrease 
after neo-adjuvant chemotherapy (p=0.019). In stage II pre 
chemotherapy patients serum IDH-2 activity was higher than 
post chemotherapy (p<0.05), but in stage III the correlation 
between pre and post chemotherapy patients serum IDH-2 
activity was not significant (p-value>0.05).

Conclusion: The serum IDH-2 can be a potential biomarker in 
breast carcinoma and can be used for prognosis and monitoring 
the chemotherapy response of the patients. 

[Table/Fig-1]: Isocitrate dehydrogenase enzymatic activity and molecular 

mechanism [13].
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The two NADP dependent forms are located either in mito-
chondria (IDH-2) or cytoplasm (IDH1), its role in the TCA and in 
cellular defense against oxidative damage as a source of NADPH2  
in HMP shunt. The IDH also plays role in metabolic function like 
oxidation of polyunsaturated fatty acid within peroxisomes (IDH1) 
and mitochondria (IDH2) by using the NADP and NADPH generated 
by their enzymatic activity [15]. The IDH1 is regulated by sterol 
regulatory element-binding proteins and also generates NADPH 
for peroxisomal lipogenesis [16]. The IDH1 plays an important role 
in pancreatic islet cells by increasing insulin secretion [17]. IDH1 
and IDH2 play a central role in lipid synthesis and carbohydrate 
utilization. IDH catalyzes large negative free energy change, it is 
one of the irreversible reactions in the TCA cycle, and therefore 
must be carefully regulated to avoid unnecessary depletion of 
isocitrate [18]. IDH is allosterically regulated by ADP, ATP, NADPH, 
or NADH [11]. In eukaryotic cells, the activity of IDH-2 increases 
in response to a variety of oxidative damage [19,20]. Though, the 
pentose phosphate pathway is the main source of NADPH2, IDH1 
and IDH2 enzymes are also important. Further, evidences do exist 
for their role in cell protection from different insults. IDH1 and IDH2 
deficiency leads to increased lipid per oxidation, oxidative DNA 
damage, intracellular peroxide generation and decreased survival 
of a fibroblast cell line after exposure to oxidative agents [19].

Only IDH1 and IDH2 gene mutations have been shown to be 
important in malignancies. Specific mutations in the IDH gene IDH1 
have been found in several brain tumours including astrocytomas, 
oligodendroglioma and glioblastoma multiformis [21]. The NADP+ 

dependent IDH genes IDH1 and IDH2 are mutated in >75% of low 
grade gliomas and secondary Glioblastomultiforme (GBM) and 20% 
of acute myeloid leukaemia (AML) [22]. IDH1 mutation has rapidly 
emerged as a reliable diagnostic and prognostic marker for identifying 
low grade gliomas and for distinguishing secondary and primary 
GBM [23]. Furthermore, in Acute Myeloid Leukaemia (AML) IDH1 
and IDH2 mutation were found in up to 20% [24]. These mutations 
are known to produce 2-hydroxyglutarate from alpha-ketoglutarate. 
The 2-hydroxyglutarate accumulates to very high concentrations, 
which inhibits the function of enzymes that are dependent on alpha-
ketoglutarate. This leads to a hypermethylated state of DNA and 
histones, which results in different gene expression that can activate 
oncogenes and inactivate tumour suppressor genes. Ultimately, this 
may lead to the cancer. 

The causal link between metabolic alterations and cancer formation 
was revealed only this decade. Recently, mutations in nuclear 
genes encoding mitochondrial enzymes (Fumarate, Hydratase 
and Succinate, Dehydrogenase) have been implicated in cancer 
susceptibility. Over the past year two of the three isoform of the 
metabolic enzyme IDH (IDH1 and IDH2), were found mutated in high 
proportions in gliomas [25]. Till now, there have been no studies 
on this subject in India and data regarding this is lacking. Thus, 
the study aimed to observe the serum IDH-2 activities in breast 
cancer patients (pre and post chemotherapy) and also correlate the 
changes in enzyme activity with stages of cancer.

MATERIALS AND METHODS

Selection of Patients 
This prospective case control study was carried out in the Department 
of Biochemistry with collaboration of Department of Surgery, 
Institute of Medical Sciences, Banaras Hindu University, Varanasi, 
between October 2013 to July 2015. The level of significance is 5% 
and power of study is 90% of our variates. We selected the study 
population by the following mathematical formula:

n = 2S2 {Z 1-α/2 + Z 1-β}
 

d2

Where the S= Pooled SD

n = no. of cases required for each of the two group

d = Difference between the two mean 

Z = Standard normal variates

By this formula, we calculated the study population n= 38, but 
5% difference in our study population, so the study population 
(according to 1:1 study) we selected 40 cases and 40 controls. The 
patients previously untreated but confirmed by histology as invasive 
breast carcinoma, admitted to General Surgery, Department of Sir 
Sunderlal Hospital, Varanasi, were taken as cases and 40 normal 
female patients of same age group and free of disease were taken as 
controls. Blood samples were collected, before and after two cycles 
of neo-adjuvant chemotherapy. Ethical clearance was taken from 
Institute Ethical Committee (IEC, IMS, and BHU) before beginning 
the study and informed consent was taken before collection of 
blood sample in every case. After proper history and examination 
patients underwent fine needle aspiration cytology for confirmation 
of diagnosis. Patient details were recorded in performa. In this 
study, we excluded pregnant women, women on oral contraceptive 
pills for last three months, patients receiving HRT and patients with 
inflammatory breast diseases. 

Sample Collection 
Under aseptic precaution 5 ml of venous blood sample was drawn 
from contra lateral hand of diseased breast cancer patients. The 
blood thus collected in clean and dry disposable tubes were allowed 
to stand for 30 minutes at room temperature for the retraction of 
clot then centrifuged at 3000 rpm for 10 minutes to separate the 
serum. The serum samples were stored at -200C in the refrigerator 
for analysis.

Procedure 
The IDH enzyme activity assay kit (Catalog no.-K756-100) provides 
a simple and direct procedure for IDH activity. It was determined 
by using isocitrate as the substrate in an enzyme reaction, which 
resulted in a spectrophotometry (450 nm) product proportional to 
the enzymatic activity present. One unit of IDH is the amount of 
enzyme that generated 1.0 mmole of NADPH per minute at pH 8.0 
at 37°C. 

Calculation
The NADPH standard curve was plotted by taking the end point 
OD of the standard sample. NADPH generated by the IDH of the 
samples was obtained from ΔOD (i.e., A1 - A0) of the samples by 
extra plotting the standard NADPH curve. [Table/Fig-2] shows the 
standard NADPH curve of our study.

Sample Dilution Factor = nmol/min/ml = mU/ml

Now,  

IDH Activity = B/ΔT × V

Where: 

B : the NADPH amount from standard curve (in nmol).

T : the reaction time (in min) T1-T0

V : the sample volume added into the reaction well (in ml).

STATISTICAL ANALySIS 
All statistical analysis was done by using trial version-16.0, SPSS 
software. Differences between unrelated groups were assessed by 
using student’s independent t–test and differences between pre and 
post chemo groups were assessed by using paired student’s t-test. 
The data were expressed as mean± SD, p-value<0.05 is considered 
as significant and mean± SD, p-value<0.01 is highly significant. 
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RESULTS
The observations regarding the estimation of serum IDH-2 were 
done at the time of presentation and after two cycles of neo-
adjuvant chemotherapy. 

variables
iDh-2 activity(mu/ml)

(Mean ± SD)
t- value p-value

Cases (n=40) 0.74±0.44
2.532 0.007

Controls (n=40) 0.44±0.30

[Table/Fig 3]:  Comparison of serum IDH-2 enzyme activity between breast cancer 
patients (pre chemotherapy) and controls.
* by unpaired t-test.

The changes in the level of Serum IDH-2 following two cycles of 
chemo therapy have been correlated with staging of tumour and 
prognosis after chemotherapy in the tumour patients. The mean 
serum IDH-2 activity in carcinoma breast patients was 0.74±0.44 
mU/ml and in control group was 0.44±0.30 mU/ml (p<0.05). There 
was an increase in activity of serum IDH-2 seen in cases as compared 
to control [Table/Fig-3]. Also, compared pre chemotherapy serum 
IDH-2 activity (mean=0.74±0.44 mU/ml) with post chemotherapy 
serum IDH-2 activity (mean=0.46±0.30 mU/ml). Overall there was 
a higher activity of serum IDH-2 seen in pre chemotherapy patients 
(p= 0.019). Both the results were significant [Table/Fig-4].

variables
iDh-2 activity (mu/ml)

(Mean ± SD)
t- value p-value

Pre chemotherapy 
(n=40)

0.74 ± 0.44

2.446 0.0190
Post chemotherapy 
(n=40)

0.46 ± 0.30

[Table/Fig 4]: Comparison of serum IDH-2 enzyme activity between breast cancer 
patients of pre chemotherapy and post chemotherapy.
* by paired t-test.

We also compared breast carcinoma stage II pre chemotherapy 
patients’ serum IDH-2 activity (mean 0.93±0.55 mU/ml) was higher 
as compared to post chemotherapy patients (mean 0.63±0.32 mU/
ml) (p-value< 0.05). But in stage III breast carcinoma serum IDH-2 
activity was not significant (p-value > 0.05) [Table/Fig-5].

DISCUSSION
Breast cancer is most frequently diagnosed cancer and the 
leading causes of death among women worldwide [1]. Detection 
and identification of prognostic markers for predicting therapeutic 
response can be useful for breast cancer treatment. With increasing 
range of cancer therapies, the clinician must receive guidance as to 
which patients should be treated with which drug and the patient 

is responding to therapy or not. Biomarkers of breast cancer are 
necessary for prognosis, follow up and prediction of treatment. It has 
a very varied clinical, pathologic, molecular features and treatment 
modalities [26]. Prognostic biomarkers provide information regarding 
outcome irrespective of therapy, while predictive biomarkers provide 
information regarding response to therapy [27]. 

In cancer cells dysregulation of metabolism is a common pheno-
menon. Normally, in the liver cells (hepatocytes) IDH1 is most 
highly expressed but IDH2 is highly expressed in muscles [28]. 
The sub cellular distribution of NADP+ dependent IDH activity 
is differed in different tissue level. The majority of enzyme activity 
in ovary, mammary gland, and liver are located in the cytosol, 
whereas in heart and skeletal muscle most activity is located in the 
mitochondria [29]. The activity of cytosolic NADP+ dependent IDH 
increases markedly during hormone-induced development of the 
immature ovary and in the mammary gland the onset of lactation 
[28,29]. The reactions catalyzed by IDH1/2 are reversible while the 
similar reaction catalyzed by IDH3 is irreversible because only the 
gene mutations of IDH1 and IDH2 have been shown to be important 
in malignancies.

IDH1 and IDH2 play important role in antioxidant deficiency leads 
to increased lipid per oxidation, oxidative DNA damage; intracellular 
peroxide generation [20]. These mutations are known to produce 
2-hydroxyglutarate from alpha ketoglutarate. A 2-hydroxyglutarate 
accumulates to very high concentrations, which inhibits the function 
of enzymes that are dependent on alpha ketoglutarate. This leads 
to a hypermethylated state of DNA and histones, which results in 
different gene expression that can activate oncogenes and inactivate 
tumour suppressor genes, ultimately this may lead to cancer. The 
inference of these findings is that patients with decrease of serum 
IDH-2 enzyme activity following chemotherapy are responding to 
their chemotherapy protocol. Thus, IDH-2 enzyme activity in serum 
may be a useful predictor of response to chemotherapy. The lacunae 
of our study are that it requires long term monitoring after treatment 
and genomic study also required.

CONCLUSION 
Analysis of IDH-2 enzyme may be used as a biomarker in breast 
cancer patient and strongly suggest that it can be used to determine 
the efficiency of cytotoxic drug treatment and monitoring the 
chemotherapy drug response in patient serum samples. The ability 
to compare the efficiencies of different treatment modalities would 
be very useful during development of new anticancer drugs.
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