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SUPPLEMENTARY MATERIAL  
 

A causal mechanism for childhood acute lymphoblastic leukaemia 
 

Greaves M 
 
Supplementary Box 1. Timing of copy number alterations  

 
The only insight we have into the timing of accrual of copy number alterations (CNAs) prior 
to a clinical diagnosis of ALL comes from rare cases (~2%) of BCP-ALL that are preceded 
by a transient phase of aplastic anaemia 1, some three to ten months before ALL is detected. 
The aplastic phase, which usually resolves temporarily with corticosteroids, is associated 
with common infections (both bacterial and viral). In a few cases retrospectively investigated 
(i.e. after ALL was diagnosed), a leukaemic clone was found to be present in the aplastic 
bone marrow. These leukaemic, aplastic populations already had subclones with additional 
CNAs 2-4. Note that the use of corticosteroids such as prednisolone in such cases may prolong 
the pre-leukaemic latency period beyond that normally present. 
 

 
Supplementary Fig. 1. Detection of pre-leukaemic clones in normal, unselected newborn 
cord bloods. Summary of key data. 
 

 
 
 
Left. A. Titration of cDNA from ETV6-RUNX1+ cell line REH. ETV6-RUNX1 RNA 

detectable down to 10-4. 
 
B. RT-PCR screen of cord bloods showing two positive samples (#B4 and B243) 

plus positive cell line REH. 
 
C. Sequence of positive cord blood sample, showing in frame ETV6-RUNX1 

fusion. 
 
Right. Multi-colour fluorescent in situ hybridisation (M-FISH) of cord blood samples 

that scored positive by both QT-PCR and Q-PCR. Blue probe: CD19 (B 
lineage marker). Red probe: RUNX1. Green probe: ETV6. ETV6-RUNX1 
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fusion (red/green, yellow). Remaining (non-fused) ETV6 allele, green spot. 
Remaining (non-fused) RUNX1 allele, large red spot. Residual portion of 
rearranged RUNX1 allele, small red spot. 10-4: frequency of CD19+ cells 
scored positive for fusion in cord blood by M-FISH. 

 
Modified with permission from reference 5. 
 
Supplementary Box 2. Infections and ALL: experiments of nature 
 
Further validation of the infection hypothesis might be forthcoming if it were possible to 
conduct a very large, prospective cohort study on the impact of day care or school attendance 
on risk. This would be logistically difficult but two ‘experiments of nature’ may have done 
just that. 
 
After the reunification of Germany in 1989, incidence rates of childhood ALL in the old East 
Germany increased by 25% in a short period of six years 6. This compares with an estimated 
1% per year increase in Europe over the same period and was considered unlikely to be 
ascribable to better diagnostic ascertainment post-1989. No such increase was observed for 
AML or paediatric solid cancers. The authors of this report drew attention to the fact that a 
major change in day care attendance took place abruptly in 1989. Prior to this date, 
effectively all infants, starting at age three months, attended state run care centres, cohabiting 
with large numbers of older children in order for their mothers to return to work. This ceased 
in 1989. A prediction, at that time, would have been that a significant increase in ALL should 
occur by the time infants in that cohort reached 3-5 years of age, as was indeed observed. 
 
Following the onset of the SARS epidemic in Hong Kong in 2003, the local government 
introduced extraordinary measures to reduce the likelihood of spread of infection. All schools 
were closed for two months and for the following six months, very strict steps were taken to 
optimise sanitation in schools. A striking impact of these measures was a drop in infectious, 
communicable disease in 2003 compared with the preceding four years and following two 
years. This included chickenpox, measles and scarlet fever. There was also a significant (p = 
0.01) drop in the incidence of ALL, but not other childhood cancers, during this same period 
7. 
 
These observational studies do not provide evidence for causal associations but they accord 
with predictions of the delayed infection hypothesis. 
 
Supplementary Box 3. Determinants of microbial exposure in infancy 
 
The pattern, degree and impact of infection peri-natally and during infancy will be 
collectively influenced by many factors including family structure, other social exposures, 
maternal infection history and variables that may influence acquisition of the microbiota, 
which occurs soon after birth 8, including breastfeeding, diet and mode of delivery at birth. 
We do not currently have an algorithm that enables us to compute net exposure. The cellular 
architecture and functional competence of newborn innate and adaptive immune systems has 
been mapped 9 and twin studies have identified specific and generalised patterns of gut 
microbiota during the first two years of life 10. Against this background, some quantitative 
measure of changes in the key components of the immune network in blood (regulatory T 
cells and cytokines) during the first year of life could be very informative. Intriguingly, low 
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levels of the key immuno-regulatory cytokine IL-10 11 at birth were found to be associated 
with increased risk of BCP-ALL 12. 
 
Supplementary Box 4. Other cancer risks and health consequences of unmodulated 
immunity in infants 
 
Gutensohn and Cole 13 have suggested that Hodgkin lymphoma  in young adults could also 
be a consequence of altered patterns of infectious exposure in modern societies. Analysis of 
risk factors for Hodgkin lymphoma in young adults has highlighted the same early life 
circumstances as in childhood ALL including lowered risk associated with high birth order, 
day care attendance and the protective effect of some early microbial exposures 14. A parallel 
was drawn between Hodgkin lymphoma epidemiology and the differential responses to polio 
virus. Polio virus infection early in life is considerably more common in poorer and less 
sanitary communities. But, paradoxically polio, as a pathological response, is considerably 
more common in more affluent settings 15. Similar observations apply to Epstein-Barr virus 
(EBV) infections and infectious mononucleosis 13. 
 
The ‘hygiene’ hypothesis proposed for allergies in 1989 and later applied to type 1 diabetes is 
similar to the delayed infection hypothesis for BCP-ALL. And the epidemiological data on 
allergies and some auto-immune diseases in the young - type 1 diabetes and multiple 
sclerosis, are similar to BCP-ALL with respect to socio-economic development, the impact of 
day care attendance, birth order and socio-economic features of communities 16. Common 
infections can both trigger or promote autoimmunity and protect dependent upon timing and, 
possibly, type of infection 17. 
 
Childhood ALL, allergies and type 1 diabetes do not occur at increased rates together in 
families, indeed risk of allergies and ALL are reciprocal 18 and their genetic susceptibility 
variants are different. They do, however, track together ecologically with higher incidence in 
the most affluent countries 19. 
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