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INTRODUCTION 

The leukemias are a heterogenous group of diseases 

characterized by infiltration of blood, bone marrow and 

other tissues by neoplastic cells of the hematopoietic 

system. These leukemias are divided into two types-

myeloid and lymphoid based upon their origin of cell line 

and acute and chronic based upon their clinical course.1 

The present study is done on the patients of chronic 

myeloid leukemia (CML). It is a clonal 

myeloproliferative disease of primitive hematopoietic 

stem cells. The median age of diagnosis is 38-40 years.2 

The Philadelphia (Ph) chromosome is the hallmark 

cytogenetic abnormality of CML. The Ph chromosome 

results from reciprocal translocation between 

chromosome 9 and 22. This genetic alteration results in 

the formation of a chimeric protein, BCR-ABL.3 CML 

evolves in 3 distinct clinical stages: chronic phase, 

accelerated phase and blast crisis. CML is usually 
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ABSTRACT 

 

Background: Neutrophil gelatinase-associated lipocalin (NGAL) is a protein which is associated with various 

inflammatory conditions affecting human tissues, such as those in the respiratory, gastro-enteric and urinary tracts, 

with a marked increase in the local and systemic expression. Different experimental evidences reveal that NGAL is 

required for the induction and pathogenesis of chronic myeloid leukemia (CML).  

Methods: The present study was conducted in department of Biochemistry in a tertiary care institute of Haryana. 30 

cases of CML were included in the study. It was a hospital based observational study which was conducted for one-

year duration. Apart from routine biochemical investigations, serum NGAL estimation was done before the initiation 

of therapy and after 3 months of therapy. 

Results: The median age at presentation was 39 years. Male to female ratio was 1.3:1. Weight loss was the most 

common presentation of patients (53.3%). More than half of the cases occurred in age group of 21-40 years. Serum 

NGAL was significantly higher in CML patients (358.47±125.65) before treatment as compared to serum NGAL 

value after treatment (85.03±62.77). In patients who achieved hematological remission, mean serum NGAL levels 

(62.46 ng/ml±23.72) were statistically lower than mean serum NGAL values in patients who did not achieve 

remission (231.75 ng/ml±16.7).  

Conclusions: The present study concluded that serum NGAL levels can be used as diagnostic and prognostic marker 

in CML.  
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diagnosed in an asymptomatic phase and progressed to 

blast crisis within 3 to 5 years through an accelerated 

phase if not treated.4 Imatinib mesylate, a tyrosine kinase 

inhibitor, is now the most effective treatment in Ph 

chromosome positive patients. Imatinib is now the initial 

therapy in almost all the patients in all the phases of 

CML.5  

Neutrophil gelatinase-associated lipocalin (NGAL), also 

known as lipocalin-2, siderocalin, uterocalin and 24p3, is 

a 25 kDa protein belonging to lipocalin superfamily. 

Various inflammatory conditions affecting human tissues, 

such as those in the respiratory, gastro-enteric and urinary 

tracts, are associated with a marked increase in the local 

and systemic expression of NGAL.6 In some cases (e.g. 

during the course of some renal diseases), the evaluation 

of serum and urinary levels of this protein has been found 

to be particularly useful as early and specific biomarker 

of organ damage and clinical prognosis.7 Also, NGAL 

actively participates in the processes of growth, 

development and differentiation of different human 

tissues as early as in embryonic phases, thus signifying 

that it also plays an important role in regulation of 

physiological cell multiplication.8  

It has been proved in literature that different lipocalins 

play a key role in proliferation, differentiation and 

development of human cancers.9 Different experimental 

evidences suggest that NGAL is required for induction 

and pathogenesis of CML. Studies done on the murine 

homolog of NGAL (24p3/Ngal) suggest that in BCR-

ABL positive leukemia, 24p3/Ngal is strongly expressed 

by the malignant cells.10,11 Normal hematopoietic cells 

(but not the BCR-ABL positive leukemia cells) in mice 

express the receptor for Ngal (called NgalR or 24p3R). 

The leukemia cells release large quantities of 24p3/Ngal 

into the bloodstream which acts via its receptor to induce 

cell death in the normal hematopoietic cells. Since the 

leukemic cells do not express the receptor, they remain 

unaffected. This mechanism has been suggested to be 

responsible for the spread of leukemia cells through the 

healthy bone marrow.12-14 

Studies in CML patients have confirmed the findings in 

mice. Both NGAL mRNA and plasma levels are 

significantly elevated in patients with CML.12,15 Further, 

patients who responded to treatment with Imatinib (a 

specific inhibitor of BCR-ABL tyrosine kinase) showed a 

significant decrease in NGAL mRNA.16  

The present study was conducted to evaluate the status of 

NGAL in CML patients before and after chemotherapy 

and also to compare the NGAL values in remission and 

non-remission CML patients.  

METHODS 

This study was conducted in a tertiary care centre of 

Haryana. It was a hospital based observational study. The 

study was conducted from April 2012 to March 2013 i.e. 

One-year duration. A total of 30 patients were taken for 

the study. 

The present study was conducted in Department of 

Biochemistry in collaboration with Department of 

Medicine (Clinical Haematology unit). Thirty patients of 

chronic myeloid leukemia were enrolled for study. The 

diagnosis was made by history, clinical examination, total 

and differential leukocyte count and cytogenetic studies. 

CML patients were treated by Imatinib mesylate (400 

mg/day) therapy.  

Serum NGAL levels were estimated along with routine 

biochemistry and complete hemogram was performed in 

newly diagnosed patients before and after chemotherapy. 

Follow up was done at 3 months. Fasting early morning 

venous blood sample was taken under all aseptic 

precautions and serum separated within one hour of 

collection for NGAL estimation. Samples were stored at -

20°C till further analysis.  

 

Figure 1: NGAL ELISA kit. 

Serum NGAL was estimated by a commercial Enzyme 

Linked Immunosorbent Assay kit for human NGAL 

(Figure 1). The kit uses a double-antibody sandwich 

enzyme-linked immunosorbent assay (ELISA) to assay 

the level of Human neutrophil gelatinase-associated 

lipocali（NGAL) in samples. The standard density was 

taken on the horizontal axis, and the optical density value 

on the vertical axis and standard curve was drawn on 

graph paper. The corresponding density was found 

according to the sample optical density value by the 

sample curve. The result was the sample density. 

Statistical analysis 

Data was entered in Microsoft Excel spreadsheet and 

statistical analysis was done by using SPSS (Statistical 

Package for Social Studies) for Windows version. 20.0. 

For normally distributed data, mean and standard 

deviation was calculated. Paired ‘t’ test was used for 

finding statistical significance of change of parameters 

(NGAL) before and after chemotherapy. For statistical 

significance, p value of less than 0.05 (p<0.05) was 

taken. 
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RESULTS 

The mean age at presentation in CML patients was 41.7 

years. Median age was 39 years. (Range 28-70 years). 

There were 17 males and 13 female patients. Male to 

female ratio was 1.3:1. On distribution according to 

decades of life, number of patients in group ≤20, 21-40, 

41-60 and more than 60 years were 0 (0 male, 0 female), 

17 (7 males, 10 females), 10 (7 males, 3 females) and 3 

(3 males, 0 female) respectively. Maximum number of 

patients was in age group of 21-40 years (56.7%). 

Table 1: Symptoms of cml patients at time of 

presentation. 

Symptom No. of patients (%) 

Weight loss 16 53.3  

Anemia 3 10  

Anorexia 3 10  

Lt. upper quadrant pain 7 23.3  

Fatigue 7 23.3  

Night sweats 5 16.7  

Fever 5 16.7  

Table 1 shows the incidence of symptoms in patients of 

CML as observed at the time of presentation. Most 

common presentation was weight loss, upper quadrant 

pain, fatigue followed by night sweats and fever. 

Table 2: Comparing serum NGAL levels in CML 

patient’s pre-treatment and post-treatment. 

Parameter 

Pre-

treatment 

(mean ±SD) 

Post-

treatment 

(mean ±SD) 

p 

value 

Serum NGAL 

(ng/ml) 
358.47±125.65 85.03±62.77 0.001 

Serum NGAL value was higher in CML patients before 

treatment as compared to serum NGAL value after 

treatment (85.03 ±62.77). This difference was significant. 

(p=0.001). 

Table 3: Comparing serum NGAL levels in CML 

patients who achieved remission and patients who did 

not achieve remission. 

Parameter 

Patients who 

achieved 

remission  

(mean ±SD) 

Patients who 

did not achieve 

remission  

(mean ±SD) 

p 

value 

Serum 

NGAL 

(ng/ml) 

62.46±23.72 231.75±16.7 0.001 

In patients who achieved hematological remission, mean 

serum NGAL levels (62.46ng/ml±23.72) were 

statistically lower than mean serum NGAL values in 

patients who did not achieve remission (231.75ng/ml 

±16.7) (p=0.001). 

DISCUSSION 

The present study was conducted among 30 patients of 

chronic myeloid leukemia. CML patients were treated by 

imatinib (400 mg/day) therapy. Routine biochemistry, 

complete hemogram, serum NGAL were performed in 

newly diagnosed patients. Follow up was done at 3 

months. 

The median age of CML patients in present study at 

presentation was 39 years (range 28-70 years). In a study 

done by Manero et al, the median age at presentation of 

CML was 45-55 years.4 Golde et al reported that median 

age at presentation in CML is between 45-65 years.17 

Kantarjian et al reported 48 years as median age of 

presentation. Sawyers reported 53 years as median age of 

presentation.18 

None of the patient was asymptomatic at the time of 

diagnosis in our study. Wetzler et al also reported that 

some patients while asymptomatic are diagnosed during 

health screening tests.1 Manero et al reported that the 

incidence of asymptomatic presentation in CML has 

increased from 15 to 50% approximately in recent time.4  

Kantarjian et al reported that about 50% patients were 

asymptomatic at the time of presentation and disease is 

diagnosed by routine blood tests.19 Sawyers reported that 

about 40% of patients are asymptomatic at the time of 

diagnosis.18 This difference in presentation of CML 

patients in our study may be because of advancement of 

technique of early diagnosis in developed countries by 

regular health checkup and screening tests. 

NGAL levels: Association with treatment outcome 

Serum NGAL levels were higher in patients at the time of 

diagnosis before treatment (358.47ng/ml±125.65). After 

treatment with imatinib, levels decreased significantly 

(85.03g/ml±62.77) (p<0.001) (Table 2). 86.67% patients 

achieved hematological remission whereas 13.33% 

patients failed to achieve hematological remission after 3 

months of therapy.  

In patients who achieved hematological remission, mean 

serum NGAL levels were 62.46ng/ml±23.72 whereas, in 

patients who did not achieve remission, mean serum 

NGAL levels were 231.75ng/ml±16.7 (p<0.001) (Table 

3). 

Druker et al showed that imatinib mesylate is a potent 

inhibitor of Bcr-Abl tyrosine kinase.20 In 2003, 

Kantarjian et al showed high incidence of early complete 

and major cytogenetic responses by imatinib mesylate 

therapy in newly diagnosed patients with Philadelphia 

chromosome-positive CML.21 

Lin et al demonstrated that NGAL expression in BCR-

ABL+ cells require the tyrosine kinase of BCR-ABL. 

They showed that treatment of cells with imatinib 
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mesylate, an inhibitor of BCR-ABL tyrosine kinase, 

greatly reduced NGAL secretion.14 

Alonci et al conducted a study on 22 patients in chronic 

phase (9 men, 13 women) and 10 healthy subjects. In all 

patients receiving imatinib, serum NGAL levels were 

determined at diagnosis and after a complete molecular 

response were achieved. They found that median serum 

NGAL levels in CML patients at diagnosis amounted to 

402±181ng/ml, and thus were significantly higher 

compared to age matched controls (199±108ng/ml) 

(p<0.01).  

After imatinib therapy, all patients achieved a complete 

molecular remission, and NGAL levels decreased 

(151.70±47ng/ml) (p<0.01).22 In this study, decrease in 

serum NGAL levels after treatment was 62.26% but in 

our study, it was 76.27%.22 

Above findings suggest that NGAL has a role in 

pathogenesis of CML. So, can be used as diagnostic 

marker. Since NGAL is significantly correlated with blast 

percentage, and blasts are consistently present in 

peripheral blood in CML. So, NGAL can be used as 

prognostic marker as well in CML. Thus, we conclude 

that NGAL can be used as diagnostic and prognostic 

marker in CML.  

CONCLUSION 

The present study demonstrated that serum NGAL levels 

were raised in CML. It was observed that serum NGAL 

levels decreased significantly after chemotherapy with 

imatinib mesylate for 3 months. Thus, it can be 

concluded that serum NGAL levels can be used as 

diagnostic and prognostic marker in CML. 
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