
Abstract 

Bloom Syndrome: 
an example of ho~ 
genomic instability 
leads to cancer 

Bloom Syndrome {BS} is an autosomal recessive d isorder whose phenotype consists 
of short height, a facial erythem atous rash, UV sensitivity, microcephaly, and a narrow 
face. Cases have been documented all over t he world but seem to be prevalent in 
individuals of Ashkenazic Jewish d escent . The underlying cause of this condit ion is a 
mutation in the BLM gene on chromosome 15, which codes for the helicase enzyme, 
BLM. This protein is involved in DNA repair and acts with p53 to init iate apoptosis. 
Molecular analyses reveal several chromosomal breaks and sister chromatid 
exchanges that are around 10 times more frequent than in normal cells. These 
observations are thought to be a result of an alternative pathway which tries to 
resolve stalled replication forks during the process of DNA replication, hence sparing 
the cells from apoptosis. This primitive evolutionary survival mechanism allows some 
BS cells to survive, but at the price of an increased incidence of malignancies. 

List of Abbreviations 

BS Bloom Syndrome 

GH Growth Hormone 

IGFl Insulin-I ike Growt h Factor 1 

SCE Sister Chromatid Exchange 

SOS Standard Deviation Score 

SGA Small for Gestational Age 

RTS Rothmund-Thomson Syndrome 

ws Werner Syndrome 
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Introduction 

Bloom syndrome (BS) is a rare 
autosomal recessive disorder that was 
first identified in 1954 by Dr David 
Bloom (1). One of the most notable 
features of BS is the short stature of 
affected individuals that persists 
throughout their lifetime. Infants are 
small for their gestational age (SCA) 
and even though the post-natal growth 
rate increases steadily, the overall size 
of the chi ld is sti ll significantly below 
that of its peers. However, other 
developmental milestones, including 
walking and talking, were recorded at 
similar ages to their unaffected peers. 
Another characteristic feature of BS is 
an erythematous rash along the 
butterfly region of the face (cheeks and 
nose) that is commonly seen in infancy 
but can appear later in life (figures 1 & 

2). Individuals with BS also have an 
increased sensitivity to sunlight, which 
may turn an already present rash into a 
chronic lesion. Additionally, the head 
circumference is smaller than usual I 
the face is narrow, and patients have a 
shrill voice. Apart from their physical 
appearance, BS patients a lso have a 
higher predisposition to certain 
diseases, chiefly chronic lung disease, 
diabetes mellitus, thyroid imbalances 
and over 100 types of cancer (2-4). 

The roots of this disorder can be traced 
to the BLM gene on chromosome 15 at 
the locus 15q26.l. BLM is a protein that 
belongs to the RecQ family of helicases. 
DNA helicases are enzymes that 
unwind DNA during the process of 
DNA replication. 
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A loss-of-function mutation in both 
BLM alleles renders the individual 
homozygous recessive for BS (Ellis et 
al., 1995). Defects in the RecQ helicase 
family can give rise to a group of 
autosomal recessive disorders, namely 
BS, Werner's Syndrome (WS), 
Rothmund-Thomson Syndrome (RTS). 
These syndromes are characterised by 
genetic instability and hence, the risk 
of developing malignancies is greatly 
increased (5). 

Figure 1: Common features of 
Bloom Syndrome 



Figure 2: Child with Bloom Syndrome 
showing the characteristic facia l 
erythematous rash 

2. Epidemiology 

Mutations in the BLM gene are 
prevalent in people of Ashkenazic 
Jewish descent (2). A genetic analysis of 
1491 individuals of Ashkenazi Jewish 
descent with no known history of BS 
revealed that l in 107 individuals were 
carriers of the BLMAsh mutation. This is 
comparable to other conditions 
affecting Ashkenazic Jews such as 
Niemann-Pick disease (1 in 80 carrier 
frequency) and Fanconi Anaemia Type 
C (l in 90 carrier frequency} and could 
lead to the inclusion of BS in screening 
programmes for these individuals (6). 
As of 2009, 26% of affected individuals 
known to the BS Registry are of Jewish 
descent, while the rest are non-Jewish 
(7). 

3. Incidence and Types of 

Neoplasms in BS Patients 
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Individuals with BS tend to develop 
some form of neoplasia at an early age 
when compared to unaffected 
individuals of the same age group. In 
fact, it is not uncommon for children 
with unexplained short height and who 
develop rare cancers at an early age to 
be screened for BS. As of 1996, 100 
different types of neoplasms were 
recorded in 71 out of 168 individuals in 
the Bloom Syndrome Registry. Th is 
contrasts to other syndromes t hat 
usually have a predilection for a small 
group of neoplasms. Interest ingly, a 
pattern of neoplasms can be observed 
throughout the patients' lifetime. 
Leukaemias and lymphomas are the 
most common malignancies of 
childhood. Conversely, solid carcinomas 
are more predominant in adulthood 
and appear at an earlier age than in the 
normal population. Furthermore, 
patients may develop more than one 
primary tumour, with up to five 
primaries being recorded (3). 

4. Molecular Basis of Disease 

4.1. Chromosomal Abnormalities in BS 
Cells 

Microscopic chromosomal analysis of 
BS cells reveals increased sister 
chromatid exchanges (SCEs) during the 
S-phase of the cell cycle. Sites of 
increased chromosomal exchange give 
rise to gaps and breaks in the 
chromosome, hence classifying BS as a 
chromosomal breakage syndrome. 



The basis of diagnosing BS using 
cytogenetic analysis is a frequency of 
SCEs which is 10 times greater than in 
the normal population (8). 

4 .2. Proposed Roles of BML and 
other RecQ Helicases 

The RecQ helicases unwind DNA in a 3' 
t o 5' direct ion and require en ergy in t he 
form of ATP. Moreover, they are t he only 
known group of enzymes that can 
u nwind G-quadruplex DNA. Th is is a 
h ighly stable structure which is formed 
by several planar guanine t etrads (G4) 
stacked on top of each other. 
Replication or recombination events 
occurring before mitosis could expose 
G-rich regions of DNA, thus allowing for 
the formation of highly stable G-tetrads 
instead of the usual Watson-Crick base 
pairs. In a normal cell, functional BLM 
can dissolve the tetrad, thereby 
allowing replication to continue. 
However, mutant RecQ enzymes are 
unable to unwind G-quadruplexes in 
DNA, which can halt the replication 
process and produce stal led 
recombinat ion intermediates (9). 

Add itionally, BLM acts in association 
with human topoisomerase isozyme 
topo Illa. It is thought that RecQ and 
topo Illa act together during DNA 
recombination to stop unsuitable 
strands of DNA from participating in 
recombination events. The duo can 
potentially unwind the improper 
recombination intermed iate and 
restore the original DNA strands (10). 
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4.3. BLM and Apoptosis 

Several experiments done in vitro have 
shown that BS cells are unable to 
perform apoptosis properly. A study by 
Wang et al. found that BS fibroblasts 
show ineffective apoptosis mediated by 
p53. Interestingly, the introduction of 
p53 into BS fibroblasts did not improve 
t he initiation of apoptosis. In contrast, 
t he re-introduction of the functional 
BLM protein returns the sensitivity of 
t hese cells to apoptotic agents. This 
h ints that p53 interacts with a 
functional BLM protein to m1t1at e 
apoptosis. In fact, several DNA helicases, 
including BLM and WRN, were found to 
bind at the C-terminus of the p53 
protein (11). A direct interaction 
between BLM and p53 may occur in 
nuclear bodies (NBs), as NBs are known 
to be involved in the regulation of 
apoptotic pathways. Experiments have 
shown that mutant SLM proteins were 
unable to congregate in NBs and hence 
disrupted p53-mediated apoptosis (11-

13). 

An experiment by Chester et al. 
demonstrated that BLM knockout 
mouse embryonic fibroblasts show a 
large burst of apoptosis early on in 
development, which gradually 
decreases with time. This could expla in 
why individuals with BS experience a 
developmental delay when compared 
to their unaffected peers (14). 



The surviving BS cells are thought to 
escape apoptosis by a primitive SOS
type mechanism (figure 3). In normal 
cells, it is common for replication forks 
to stall during DNA replication as they 
encounter a section of DNA damage. 
This "pause" in the replication process 
can be rectified with the aid of RecQ 
helicases, such as SLM in humans, and 
RecC helicase in bacteria. These 
proteins can recognise D-loops which 
form at sta lled replication forks and 
resume the repl icat ion process by 
rectifying the error, without t he need 
for chromosomal DNA breaks. If the 
required helicases are mutated and are 
unable to repair stalled replication 
forks, additional pathways may take 
over to allow the cell to escape 
apoptosis. This is the basis of the SOS
hypothesis and can be seen in primitive 
organisms like bacteria. This process 
involves creating chromosomal DNA 
breaks and the subsequent formation 
of D-loops. In the functional absence of 
certain helicases, the replication fork is 
restored through crossing over and 
genetic recombination. Th is 
mechanism explains why the BS cells 
that escaped apoptosis show increased 
chromosome breakages and hyper
recombination (15). The newly formed 
hyper-recombinant DNA shows a 
greater risk of unmasking recessive 
genes that can potentially cause harm, 
such as oncogenes. This can be 
achieved by either of the two 
mechanisms. In a heterozygous 
individual, a deletion of the dominant 
allele which is not replaced will resu lt in 
hemizygosity for the recessive allele. 
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If the deleted dominant allele is 
replaced by a recessive one, the 
individual is rendered homozygous 
recessive (16). 
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Figure 3: Flowchart showing molecular 
basis of BS pathogenesis 

5. Other Complications 

Many conditions can lead t o children 
born SCA. While growth hormone (CH) 
is a popular treatment option, it is not 
advisable in BS and other chromosomal 
breakage syndromes. This is because 
BS patients are at an increased risk of 
developing neoplasms and GH 
treatment would encourage existing 
neoplasms to proliferate further. Hence, 
this poses a challenge for physiciains 
treating SCA children whose disease 
aetiology is unknown. If an SCA child on 
CH treatment shows insulin-like growth 
factor 1 {IGF-1) levels above 2.5 Standard 
Deviation Score (SOS) and is showing 
little growth progress, one should 
consider checking for a mutation in the 
ICFlR gene. 



This is because such mutations can 
render the individual insensitive to IGF-
1. If no such mutations are present, BS 
and similar genetic conditions should 
be considered, especia lly if the parents 
of the individual are closely related (4). 

As of yet, there is no cure for BS and 
symptomatic treatment must be 
tailored to the individual to avoid 
exacerbation of the condition. For 
example, chemotherapy is given at 
much lower doses than unaffected 
individuals and radiotherapy is avoided 
altogether. This is because BS cells lack 
appropriate DNA repair mechanisms, 
therefore DNA damage may lead to a 
more aggressive cancer or additional 
primary tumours (17). 

6. Conclusion 

Given these points, BS seems to be the 
result of evolutionary mechanisms that 
spare defective cells from death, 
resulting in various complications such 
as cancer, skin lesions, small size, and 
endocrine abnormalities (15). BS may be 
considered in screening programmes 
for populations at risk and should be 
considered as a potential diagnosis if 
SGA children not responding to GH 
treatment do not have an IGFlR 
mutation (4,6). Furthermore, a 
collaborative effort between medics, 
scientists and pharmaceutical 
companies is needed to raise awareness 
of rare diseases and to improve 
understanding of the underlying 
disease mechanisms with the hope of 
finding potential cures. 
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For this to take place, there needs t o be 
strong patient participation, biobanking 
systems and curated rare disease 
databases (17). 

References 

1. Bloom D. Congenital Telangiectatic Erythema 
Resembling Lupus Erythematosus In Dwarfs Probably a 
Syndrome Ent ity. Arch Pediatr Adolesc Med. 1954 Dec 
1;88(6):754. 

2 German J. Bloom's syndrome. I. Genet ical and clinical 
observations in the first tw enty-seven patients. Am J Hum 
Genet. 1969 Mar;21(2):196-227. 

3. Germ an J. B loom's syndrome. XX. The first 100 cancers. 
Cancer Genetics and Cytogenetics. 1997 Jan;93(1):100-6. 

4. Renes JS, Willemsen RH, Wagner A, Finken MJJ, Hokken
Koelega ACS. Bloom Syndrome in Short Children Born 
Small for Gestational Age: A Challenging Diagnosis. The 
Journal of Clinical Endocrinology & Metabolism. 2013 
Oct,'98(10):3932-8. 

5. Karow JK, Wu L. Hickson ID. RecQ family helicases: ro les 
in cancer and aging. Current Opinion in Genet ics & 

Development. 2000 Feb;l0(1):32-8. 

6. Li L. Eng C, Desnick RJ, German J, Ellis NA. Carrier 
Frequency of the Bloom Syndrome blmAsh Mutation in t he 
Ashkenazi Jewish Population. Molecular Genetics and 
Metabolism. 1998 Aug;64(4):286-90. 

7. German J, Sanz MM. Weill Cornell Medical Center I 
Bloom's Syndrome Registry [Internet). 2009 (cited 2020 Sep 
14). Available from: 
http://pre.weill.cornell.edu/bsr/dataJrom_registry/ 

8. Chaganti ~SK, Schonberg S, German J. A Manyfold 
Increase in Sister Chromatid Exchanges in Bloom's 
Syndrome Lymphocytes. Proceedings of t he Nat ional 
Academy of Sciences. 1974Nov1:71(11):4508-12. 

9. Sun H. Karow JK, Hickson ID, Maizels N. The Bloom's 
Syndrome Helicase Unwinds G4 DNA. J Biol Chem. 1998 Oct 
16;273(42):27587-92. 

10. Duguet M. When helicase and topoisomerase meet! J 
Cell Sci. 1997 Jun 15;110(12):134S. 

11. Wang XW, Tseng A, Ellis NA, Spillare EA, Linke SP, Robles 
Al, et al. Funct ional Interaction of p53 and SLM DNA 
Helicase in Apoptosis. J Biol Chem. 2001 Aug 
31;276(35):32948-55. 

12. Zhong S, Hu P, Ye T-Z, Stan R, Ellis NA, Pandolfi PP. A role 
for PML and the nuclear body in genomic stabil ity. 
Oncogene. 1999 Dec;l8(56):7941-7. 



13. Yankiwski V, Marciniak RA. Guarente L, Neff NF. Nuclear 
structure in normal and Bloom syndrome cells. Proceedings 
of the National Academy of Sciences. 2000 May 9;97(10):5214-
9. 

14. Chester N, Kuo F, Kozak C, O'Hara CD, Leder P. Stage
specific apoptosis, developmental delay, and embryonic 
lethality in mice homozygous for a targeted disruption in the 
murine Bloom's syndrome gene. Genes & Development. 1998 
Nov 1;12(21):3382-93. 

15. Amor-Gueret M. Bloom syndrome, genomic instability 
and cancer: the SOS-like hypothesis. Cancer Letters. 2006 
May,236(1):1-12. 

16. Bishop AJR, Schiestl RH. Role of homologous 
recombination in carcinogenesis. Experimental and 
Molecular Pathology. 2003 Apr;74(2):94-105_ 

17. Campbell MB, Campbell WC, Rogers J, Rogers N, Rogers 
Z, Hurk AM van den, et al. Bloom syndrome: research and 
data priorities for the development of precision medicine as 
identified by some affected families. Cold Spring Harb Mol 
Case Stud. 2018 Jan 4;4(2):a002816. 

21 


