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Abstract :

Introduction:

Methods:

Results

Conclusion:

The FMS-like tyrosine kinase-3 (FLT3), a member of the Platelet-derived growth factor (PDGF-R)

subfamily of receptor tyrosine kinases, expressed on early hematopoietic progenitor cells play an essential role in

survival and differentiation of stem cell. Majority of acute myeloid leukemia (AML) patients have mutation in this

gene. Two types of frequent mutations are present in this gene. Both the types FLT3-ITD and D835 mutations play

an important role in prognosis of AML patients. Total 33 patients were enrolled in the study. Blood

samples were collected from the subjects, from which the DNA isolation was carried out.For FLT3-ITD mutation,

PCR was performed and for D835 mutation PCR-RFLP was performed. DNA segments were amplified using

Polymerase Chain Reaction (PCR). Results: FLT-3 ITD mutation was detected in 12% of patients and D835

mutation was detected in 3% of patients. The study revealed significant correlation between ITD and Tdt, while

D835 negatively correlated with CD33, HLADR and Tdt. However, there was no substantial correlation of D835

with LDH value. also revealed that FLT-3 ITD significantly correlated with LDH values in AML patients. The

mean value of LDH was 753.45 IU/L in ITD positive patients as compared to ITD negative patients with 338 IU/L

mean LDH value, suggesting higher LDH values in ITD positive. These Genotypic analysis of FLT-3

mutation results from West Indian population provide important tools for understanding of AML pathogenesis and

determination of appropriate therapeutic intervention. Further large number of patient data can also corroborate

these significant results.
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Introduction :

Acute Myeloid Leukemia (AML), characterized by the

hindered homeostatic mechanisms of normal

hematopoietic stem cells, is a clonal disease of leukemic

cells which take refuge within the bone marrow niche.

Therapy for patients with AML is guided by the

molecular and cytogenetic profile. Mutations in the

FMS-like tyrosine kinase 3 (FLT3) genes represent one

of the most frequently encountered, and clinically

challenging classes of AML mutations. Although

approximately 30% of AML patients harbor some form

of FLT3 mutation, the clinical significance of these

genetic lesions in any given patient varies according to

the nature of the mutation and the context in which it

occurs. In general, FLT3 mutations are divided into 2

(1)

(2)

(3, 4)

categories: (A) internal tandem duplications (FLT3/ITD

mutations) and (B) point mutations (FLT3/TKD/D835

mutations), constituting approximately 25-35 % of

adults AML patients.

FLT3, located on chromosome 13q12, plays a

significant role in cell survival, proliferation,

differentiation and pathogenesis of AML and also

several reports suggested that it is associated with

resistance to therapy confirming its role in drug

resistance in AML. FLT3/ITD is the first studied

mutation which results from the duplication and tandem

insertion of a portion of the juxtamembrane (JM) region

(exons 11 to 12) of the FLT3 gene. There are many

reports suggesting that AML patients having FLT3/ITD

mutations are associated with poor cure rates and

higher relapse rates. Further also the other most

common residue implicated in clinical resistance to

FLT3 tyrosine kinase inhibitor (TKI) therapy is D835.

FLT-3 D835 mutations have been reported to occur in

almost 7% of patients with AML, 3% of patients with

myelodysplastic syndrome (MDS), and 3% of patients

with acute lymphocytic leukemia. FLT-3 ITD

mutation is one of the most frequent bad prognosis

mutation observed in AML. FLT3/ITD and D835

(5)

(6)

(7, 8)

(9)

(10)

(11)
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mutations are found to be present in AML patients

independently. Detection of these two mutations have

clinical implications as patients harbouring these

mutations generally have a worse prognosis and may

benefit from aggressive up-front treatment

interventions.Association of FLT3-ITD, with the poor

clinical outcome in AML patients have been reported

bydifferent study groups. However there are very few

Indian studies. (12) Therefore, the current study was

aimed to evaluate the prevalence of these two mutations

and to further evaluate its clinical significance in AML

patients. Genotypic analysis of these mutations from

West Indian population would help in the understanding

of the AML pathogenesis and would provide an

important tool for determination of appropriate

therapeutic intervention in AML patients.

Peripheral blood samples were collected

from 33 AML patients in EDTA vaccuttes after signed

informed consent.AML cases confirmed histologically

and immunohistochemically with no prior treatment

were included in the study. The mean age range was

9 to 65 years with median age of 36 years. Out of

33 patients, 17 were male and 16 were female.

AML patients were further classified on the basis of

FAB classification from M1 to M6 (40% of the patients

were M1).

Routine heamatological and biochemical parameters

were carried out by auto analyzer LH-750 (USA).

Genomic DNA

from peripheral blood was extracted using QIAamp

Materials and Methods:

Patients:

Heamatological and Biochemical Parameters:

Analysis of FLT3-ITD and D835 Mutations in

Acute Myeloid Leukemia Patients:

Table 1: Primers used in polymarase chain

reaction for FLT-3 ITD and D835

mutations

Targeted gene Oligonucleotide sequence

FLT-3 ITD

FLT-3 D835

Forward5’- GCAATTTAGGTATGAAAGCCAGC-3’

Reverse 5’- CTTTCAGCATTTTGACGGCAACC-3’

Forward5’- CCGCCAGGAACGTGCTTG-3’

Reverse 5’- GCAGCCTCACATTGCCCC-3’

DNA blood Kit using manufacturer protocol (Qiagen,

Germany). Further, isolated DNA was amplified by semi

quantitative PCR using primers for FLT-3 ITD and

D835 mutations (Table 1).

Total 200 ng of DNA was used as template in PCR

reaction using Himedia Taqmixture. The cycling

conditions for this reaction were 94 C for 3 min, 94 C

for 1 min, 62 C for 1 min, 72o C for 1 min and final

extension at 72 C for 10 min for 40 cycles. PCR

products were then separated on 2% agarose gel

stained with ethidium bromide. The gel was analyzed

using gel documentation system Alpha Innotech, Inc.

Wild type genotype depicted band of 329 bp, while an

additional band above 329 bp was observed for ITD

mutation. For D835 mutation PCR RFLP was

performed. Figure 1 represents the gel image of FLT-3

ITD mutation in AML patients. For D835 mutation,

300 ng of DNA was used as a template in PCR using

Himedia Taq mixture. The Cycling conditions were 94

C for 3 min, 94 C for 1 min, 65 C for 1 min, 72 C for

1 min and final extension at 72 C for 10 min for 35

cycles. PCR products were further digested by 0.5 Eco

RV endonuclease enzyme (New England Biolabs) at

37 Cfor 3 hours and the digested products were

separated on 3.5% agarose stained with ethidium

bromide. Figure 2 represents the gel image of FLT-3

D835 mutation in AML patients. Wild type D835 after

restriction digestion results into 68bp and 49bp product

in the presence of EcoRV restriction enzyme. In

heterozygous mutations it produces 3 bands

corresponding to 114bp, 68bp and 49bp, while in

homozygous mutations, FLT3/D835 allele produces

only one band corresponding to 114 bp.

o o

o

o

(13)

o

o o o

o

o

(13)

Figure 1: Agarose gel representing FLT-3 ITD

amplified product

Lane 1, 3, 8 and 9: FLT-3 ITD negative sample,

Lane 2 and 7: FLT-3 ITD Positive sample,

Lane 4 and 6: blank,

Lane 5: 100 base pair ladder.
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Figure 2: Representative pattern of FLT-3

D835 mutation

Figure 3: Frequency of FLT-3 ITD and D835

positive patients in AML patients

Lane 1: homozygous mutation,

Lane 3: PUC19 Ladder,

Lane 5: heterozygous mutation

Lane 2 and 4: blank.

Statistical Analysis:

Results:

Frequency of FLT-3 ITD and D835 mutations in

Acute Myeloid Leukemia:

Statistical analysis was performed using SPSS computer

software version 15. Student independent 't' test was

performed to analyze the significance between different

groups. Receiver's operating characteristic (ROC) curve

analysis was performed to analyze the discriminatory

efficacy between different molecules under study.

Spearman's correlation analysis was performed to analyze

the correlation between markers.

As depicted in Figure3, FLT-

3 ITD mutation was observed in 12% of patients while 3%

of the patients showed FLT-3 D835 mutation. Positivity

of FLT-3 ITD mutation were observed in patients having

age range 9-45 years, while one patient of 38 years was

positive for D835 mutation.FLT3-ITD mutations were

most common with the FAB subtype M1 in 2 patients

(50%) and M5 in 2 patients (50%) while patient having

D835 mutation belonged to M5 subtype, There was no

significant correlation of white blood counts (WBC) and

cretanine levels with FLT-3 ITD and D835 mutations.

(Table 2).

Parameters No Mutation

N=28

FLT-3 ITD

Positive N=4

FLT-3 D835

Positive N=1

WBC (Mean) 39.9 X 10 /cmm 39  X 10 /cmm

p=0.976 5.2  X 10 /cmm

Cretanine (Mean) 0.82 (mg/dl) 0.48 (mg/dl)

p=0.101 0.49 (mg/dl)

M1 44% 50% 0

M2 20% 0 0

M4 20% 0 0

M5 12% 50% 100%

M6 4% 0 0

3 3

3

Table 2: Biochemical parameters in FLT-3 ITD and FLT-3 D835 mutations positive

and negative AML patients
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Correlation of FLT-3 ITD Mutations with Lactate

Dehydrogenase Activity in Acute Myeloid Leukemia

Patients: Figure 4 shows the value of LDH activity in FLT-3

ITD positive and negative patients. It was observed that

FLT-3 ITD positivity in AML significantly correlated

(p=0.029) with higher values of LDH. The mean value of

LDH was 753.5 IU/L in ITD positive patients as

compared to ITD negative patients with 338.0IU/L mean

LDH value, suggesting higher LDH values in ITD positive

patients.

Association of FLT-3 mutations with biological

parameters by Spearman's Correlation Analysis:

Spearman's Correlation Analysis was performed to

correlate FLT-3 ITD mutations with other clinical

parameters including Stage, CD33, CD34, Terminal

deoxynucleotidyl transferase (Tdt) etc. Significant

correlation between FLT-3 ITD mutations and Tdt was

documented (p=0.002).Spearman's correlation between

CD33 and CD34 expression with FLT-3 ITD mutations

revealed no significant correlation. Moreover any

significant correlation between disease stage and FL-3 ITD

mutations was not observed (Table 3).

ROC curve is a significant statistical approach to evaluate

discriminatory efficacy of the biomolecule. It is meaningful

way of discriminating two groups under the study as it

simultaneously considers sensitivity and speci city of the

method. ROC curve suggested that LDH activity could

significantly discriminate FLT3-ITD positive patients from

FLT3 ITD negative patients (AUC= 0.841 and p=0.029)

(Figure5).

fi

Discussion:

Activating mutations in FLT3 receptor are one of the

most frequent genetic alterations reported in AML.

Few of these mutations are an independent adverse

prognostic factor in AML publicized by several

reports. The patients who have a constitutively

activating FLT3-ITD mutation have poor initial therapy

response, high relapse rate, and low-grade overall

survival. The FLT3 molecular diagnostic assay

provides a consistent method to simultaneously detect

the two different types of FLT3 mutations currently

known to be of importance in AML. In the present

study, FLT3-ITD and D835 mutations were analyzed in

33 patients with AML by PCR assay. FLT-3 ITD

mutation was detected in 12% of patients. FLT-3 D835

mutation was detected in 3% of patients. Our results are

in accordance with previous studies. None of

the patients was positive for both FLT3-ITD and D835

mutations. In the present study FLT-3 ITD was found

more frequently in M5 and M1 and similar results were

observed by Chauhan et al. Further there was no

significant association between the FLT3-ITD

mutations with white blood cell count. Similarly, there

was no correlation between the percentage of blast

count in bone marrow with any of the mutation status

and these results were similar to Shih et al.

(14)

(15)

(16)

(14-15, 17-20)

(14)

(21)

Figure 4: Correlation of FLT-3 ITD Mutations

with Lactate Dehydrogenase Activity

in Acute Myeloid Leukemia Patients

Figure 5: ROC curve analysis of LDH for FLT-3

ITD positive and negative patients

Table 3: Spearman's Correlation of FLT-3 ITD

Mutations with Biological Parameters

in AML patients

Variable Stage Cd33 Cd34 Tdt

FLT-3 ITD

mutations

r =0.132

p=0.463

r=0.075

p=0.694

r=0.199

p=0.291

r=0.533*

p=0.002
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Previous study also observed higher LDH activity in

leukemia patients as compared to healthy individuals.

(22-24) To the best of our knowledge no significant

correlation between high LDH levels and FLT-3 ITD

mutation in AML has been reported yet. The present

investigation found that most of the AML showed

elevated LDH activity. Furthermore, FLT-3 ITD positive

patients were observed to have higher LDH activity as

compared to those patients who had negative FLT-3 ITD

mutations. Thus the results suggested that FLT-3 ITD

mutation play important role in AML patients. The

present study also observed that Tdt (Terminal

deoxynucleotidyl transferase) expression was observed

in 50% of samples with FLT-3 ITD mutation and was

statistically significant (p=0.002). Results also revealed

that the FLT3-ITD but not the FLT3-D835 mutation can

be used as a valid marker of minimal residual disease.

However, larger studies are required to validate these

finding. In conclusion the present study observed

positivity of FLT-3 ITD mutation with high levels of LDH

activity and Tdt expression in AML patients. These

results from genotypic analysis revealed that FLT-3

mutations in AML patients are an important molecular

target for precise therapeutics against FLT-3 receptor. It

also suggested that FLT-3 ITD mutation study in

combination with LDH analysis would have more clinical

significance.

None

Conflict of Interest:

References:

1. Lane SW, Scaddens DT, Gilliland DG. The leukemic stem cell

niche: current concepts and therapeutic opportunities. Blood;

114:1150–7.

2. Levis M. FLT3 mutations in acute myeloid leukemia: what is the

best approach in 2013. Hematology Am SocHematolEduc

Program 2013; 220–6.

3. Uras IZ, Walter GJ, Scheicher R, Bellutti F, Prchal-Murphy M,

Tigan AS, et al. Palbociclib treatment of FLT3-ITD+ AML cells

uncovers a kinase-dependent transcriptional regulation of FLT3

and PIM1 by CDK6. Blood; 2016; 127:2890-902.

4. Kindler T, Lipka DB, Fischer T. FLT3 as a therapeutic target in

AML: still challenging after all these years. Blood. 2010;

116:5089-102.

5. Liang, DC, Shih LY, Hung IJ, Yang CP, Chen SH, Jaing TH, et al.

FLT3-TKD mutation in childhood acute myeloid leukemia.

Leukemia 2003; 17:883-6.

6. Grafone T, Palmisano M, Nicci C, Storti S. An overview on the

role of FLT3-tyrosine kinase receptor in acute myeloid leukemia:

biology and treatment. Oncol Rev 2012; 6: e8.

7. Takahash S. Downstream molecular pathways of FLT3 in the

pathogenesis of acute myeloid leukemia: biology and therapeutic

implications. J Hematol Oncol2011; 4:13.

8. Levis M, Smal D. FLT3: ITDoes matter in leukemia. Leukemia

2003; 17:1738–52.

9. Murphy KM, Levis M, Hafez MJ, Geiger T, Cooper LC, et al.

Detection of FLT3 internal tandem duplication and D835

mutations by a multiplex polymerase chain reaction and capillary

electrophoresis assay. J Mol Diagn2003; 5:96–102.

10. Opatz S, Polzer H, Herold T, Konstandin NP, Ksienzyk B,

Zellmeier E, et al. Exome sequencing identifies recurring FLT3

N676K mutations in core-binding factor leukemia. Blood 2013;

122:1761-9.

11. Dombret H and Gardin C. An update of current treatments for

adult acute myeloid leukemia. Blood 2016; 127(1): 53-61

12. Mehta SV, Shukla SN, Vora HH. Comprehensive FLT3 analysis

in Indian acute myeloid leukaemia. Blood Lymph 2012; 2:1

13. Sheikhha MH, Awan A, Tobal K, Liu Yin JA.Prognostic

significance of FLT3 ITD and D835 mutations in AML patients.

The Hematology Journal 2003; 4: 41–6

14. Chauhan PS, Bhushan B, Mishra AK. Mutation of FLT3 gene in

acute myeloid leukemia with normal cytogenetic and its

association with clinical and immunophenotypic features. Med

Oncol 2011;28:544-51.

15. Colovic N, Tosic N, Aveic S, Djuric M, Milic N, Bumbasirevic V,et

al. Importance of early detection and follow-up of FLT3

mutations in patients with acute myeloid leukemia. Ann

Hematol2007;86:741–7.

16. Engen, CBN, Wergeland L, Skavland J, Gjertsen BT. Targeted

Therapy of FLT3 in Treatment of AML—Current Status and

Future Directions.J Clin Med2014;3:1466-89.

17. Bacher U, Haferlach C, Kern W, Haferlach T, Schnittger S.

Prognostic relevance of FLT3-TKD mutations in AML: the

combination matters—an analysis of 3082 patients.

Blood2008; 111:2527–37.

18. Dehbi H, Kassogue Y, Nasserddine S, Quessar A, Nadifi S.

FLT3-ITD Incidence and FLT-D835 Mutations in Acute Myeloid

Leukemia Patients with Normal Karyotype in Morocco: A

Preliminary Study. MEJC 2013;4:1-5.

19. AbuDuhier FM, Goodeve AC, Wilson GA, Care RS, Peake IR,

Reilly JT.Identification of novel FLT-3 Asp835 mutations in adult

acute myeloid leukemia. Br J Haematol 2001; 113:983-8.

20. Kottaridis PD, Gale RE, Linch DC. Prognostic imlications of the

presence of FLT3 mutations in patients with acute myeloid

leukemia. Leuk Lymphoma. 2003; 44:905–13.

21. Shih LY, Huang CF, Wu JH, Wang PN, Lin TL, Dunn P, et al.

Heterogeneous Patterns of FLT3 Asp835 Mutations in Relapsed

de Novo Acute Myeloid Leukemia: A Comparative Analysis of

120 Paired Diagnostic and Relapse Bone Marrow Samples.

Clinical Cancer Research2004; 15:1326–32.

22. Patel PS, Adhvaryu SG, Baxi BR. Tumor markers in

leukemia:evaluation of serum levels of different forms of sialic

acid, Regan isoenzyme and lactate dehydrogenase. Int J Biol

Markers 1991; 6:177-82.

23. Starkweather WH, Spencer H H, Scrioch HK. The Lactate

Dehydrogenases of Hemopoietic Cells Blood. Blood 1966;

28:860-72.

24. Heinova D, Blahovec J, Rosival I. Lactate dehydrogenase

isoenzyme patterns in bird, carp and mammalian sera. Eur J

ClinChemClinBiochem 1996; 34:91-5.


