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Abbreviations
ALL

Acute Lymphoblastic Leukaemia

MEM

Minimal Essential Medium

NBS

Neonatal Blood Spot

NRAS gene NRAS proto-oncogene, GTPase gene
PCR

Polymerase Chain Reaction

STIL gene

SCL/TAL1 Interrupting Locus gene

TAL1 gene

T-cell Acute Leukaemia gene

WBC

White Blood Cells

Abstract
STIL-TAL1 fusion genes are present in approximately 11-28% of children with paediatric TALL but the developmental timing of the rearrangement is still unknown. To investigate
whether the fusion gene can be detected in, neonatal blood spots (NBSs) from paediatric
patients diagnosed with T-cell ALL, we have analysed DNA from 38 paediatric T-ALL
patients by nested PCR and electrophoresis. The STIL-TAL1 fusion gene was not detected in
neonatal blood spots from any of the 38 T-ALL patients suggesting that STIL-TAL1 fusion
genes are most probably postnatal events in paediatric T-ALL.

1

Introduction

2

The acute lymphoblastic leukaemia’s (ALLs) are a heterogeneous group of diseases that arise

3

in B-lineage or T-lineage lymphocyte progenitor cells and possess chromosomal alterations

4

that play a key role in initiation of paediatric ALL. Detection of these alterations at time of

5

diagnosis is important and can be used for risk stratification 1.

6

Through studies of neonatal blood spots and monozygotic twins some childhood ALLs can be

7

traced back to a prenatal origin, starting in utero with a preleukaemic clone, followed by the

8

acquisition of postnatal genomic losses or gains subsequent to the prenatal cytogenetic

9

aberration 2–9. T-cell acute lymphoblastic leukaemia (T-ALL) is a rare form of paediatric ALL,

10

accounting for about 15% of acute lymphatic leukaemia’s.

11

Approximately 11-27 % of children with T-ALL present with the genetic aberration STIL-TAL1

12

at diagnosis 10,11. STIL-TAL1 fusion is exclusively found in T-ALLs and based on single cell

13

phylogenomics, is considered to be an early or initiating event in T-ALL 12.

14

Several deletions resulting in STIL-TAL1 gene fusion have been described yet two of them,

15

type I and type II, appear to be most common and represent 95% of total STIL-TAL1 cases

16

and occur in 10-19% and 1-3% of paediatric T-ALL patients respectively 11,13,14. Both Type I

17

and II deletions use the same cryptic heptamer RSS at the 5’ break in the STIL gene but can

18

use either one of two 3’ RSS (only 1.7kb apart) found in the 5’ region of TAL1.

19

Material and methods:

20

Sample population

21

Children with T-ALL were randomly identified from the Nordic Society of Paediatric

22

Haematology and Oncology (NOPHO) register. The birthdates of the children were linked to

23

the Swedish Medical Birth register to gain access to the personal codes of mothers and

24

children, necessary for NBS identification. NBS were then collected from 38 paediatric

25

patients diagnosed with T-ALL between the years 1998 – 2006. Ages at diagnosis ranged

26

between 1- 17 years and mean and median age were 8 and 9 years respectively. The material

27

included samples from 32 males and 6 females. Other clinical and cytogenetic data are

28

available in the supplementary file (Table S1 and S2).

29

NBS DNA extraction and amplification

30

Four punches, each 3mm in diameter were harvested from NBSs, estimated to contain about

31

180,000 leukocytes and 120,000 lymphocytes. The median storage time for the NBS was 9.9

32

years (range 2.6 - 22.8). DNA extraction was carried out by the modified minimal essential

33

medium (MEM) method, 15,16.

34

NBS DNA was whole genome amplified (WGA) using the REPLI-g Mini Kit from

35

QIAGEN. The NRAS gene was used as an integrity control for PCR amplification of NBS

36

material.

37

STIL-TAL1 type I and II fusions were analysed independently by nested PCR based on a

38

protocol described by Breit et al 1993 13.

39

Detection sensitivities of these PCR assays was tested in a dilution series of diagnostic DNA

40

from two patients with type I STIL-TAL rearrangements (Dr Giovanni Cazzaniga, Italy) and

41

products were sequenced (supplementary data) using the BigDye® Terminator v3.1 kit

42

(Applied Biosystems).

43

This study was approved by the Regional ethical review board in Stockholm.

44

Results:

45

The NRAS control gene was detected in all WGA NBS samples indicating presence of DNA

46

(Figure 1A, Supplementary Figure S1A and S1B) and STIL-TAL1 type I positive control

47

samples were clearly visible (Figure 1B, Supplementary Figure S2). STIL-TAL1 fusion genes

48

were identified out to 10-4 in positive controls mixed into control DNA, but could not be

49

detected in any of the 38 patients analysed (Figure 1C, Supplementary Figures S2 and S3).

50

Discussion:

51

Neonatal blood spots are unique material for which the primary purpose is to examine for

52

several serious inherited diseases demanding early treatment. All of the blood-spot samples in

53

this series were negative for both STIL-TAL fusion and likely reflect a postnatal origin for this

54

deletion. Alternatively, the results could be indicative of a prenatal origin with insufficient

55

leukaemic or pre-leukaemic cells in the spot or reflect an inadequate sensitivity in the PCR

56

assay. Given the sensitivity of our assays in the current study, we have no reason to exclude

57

that these cases are genuinely postnatal in origin. However, positive blood spots may well

58

contain very small numbers of positive cells or copies of fusion gene sequences 2,17 and

59

therefore it is inevitable that some blood spot screens will produce false negative results. In a

60

previous study 8, we were also unable to detect STIL-TAL deletions in blood spots of infant T-

61

ALL cases and together with the results of the current study, STIL-TAL1 appears to be a

62

postnatal event. To our knowledge, the present study is the largest screening of STIL-TAL1 in

63

NBSs from paediatric T-ALL patients. As the prognostic value of STIL-TAL1 is unclear,

64

analysis of this genetic aberration is not routinely performed in the clinic; therefore it is

65

uncertain how many of the patients in our material had a STIL-TAL1 aberration at diagnosis.

66

Nevertheless, STIL-TAL1 aberrations occur in 11 - 27% of paediatric T-ALLs 10,11,13,

67

therefore 4 - 10 of the 38 children included in this study would be expected to be positive for

68

the STIL-TAL1 when diagnosed.

69

The male to female ratio in this study differed from previous studies showing an overall

70

higher prevalence of males (5:1). However, in studies by Mansur et al 2009 and D’Angio et

71

al 2015, STIL-TAL1 was reported to be more common in males than in females, which

72

theoretically would increase the likelihood of positive cases in our material 10,11. Similarly,

73

high levels of WBCs at diagnosis in patients positive for STIL-TAL1, have been reported by

74

several studies 10,11,18,19. In our material a total of eighteen patients had WBC >100 x 109/L,

75

which further indicates that this to be a suitable patient group for STIL-TAL1 analysis.

76

Finally, our material included five children diagnosed with T-ALL before three years of age,

77

an age group where STIL-TAL1 appears to be rare 8,18. However, If STIL-TAL1 was a prenatal

78

initiating event in T-ALL, there should be a high possibility that at least one of the NBS of

79

these young patients would have been positive for the fusion. Our overall conclusion is that

80

STIL-TAL1 fusions, both type I and II, have post-natal origins in paediatric T-ALL.
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Figure 1.
STIL-TAL fusion does not backtrack to birth. A) NRAS integrity control PCR on
four blood spot DNAs after WGA. B) Two control DNAs isolated from T-ALL
patient diagnostic material after type I STIL-TAL assay PCR. C) Four NBS DNAs
from children later diagnosed with T-ALL were assessed as PCR negative for
type I STIL-TAL fusion.

Supplementary data legend
The supplementary file includes: Clinical characteristics and karyotype from the studied
patients (Table S1 and S2). Primer sequences used for STIL-TAL1 and NRAS analysis. Integrity
control analysis and 38 NBS positive for NRAS (Figure S1), Sensitivity assay for detection of
STIL-TAL1 type I deletions (Figure S2), Absence of STIL-TAL1 type II deletions in the 38
studied patients (Figure S3)

