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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
pediatricmalignancywith peak incidence in children between
2 and 9 years of age.1 Recent revolution in next-generation
sequencing has uncoveredmany novel somaticmutations and
rearrangements in ALL cells, which have prognostic and
therapeutic implications.2,3 Similarly, it has led to recognition
of germline variants in the same genes (e.g., PAX5, ETV6, and
IKZF1) with somaticmutations commonly associatedwithALL
(►Table 1).4,5Apart from increasing the riskofdevelopingALL,
germline variants may influence diagnostic testing, genetic
counseling, and response to antileukemic treatment. This
emphasizes importance of identification of new germline
variants, or association of inherited syndromes with ALL or

other malignancies. Down’s syndrome, Shwachman’s syn-
drome, Fanconi anemia, Bloom’s syndrome, neurofibromato-
sis, and ataxia telangiectasia are well-recognized conditions
associated with ALL.3 In this report, we describe novel associ-
ation of T-cell ALL (T-ALL) with tuberous sclerosis (TS), also
known as tuberous sclerosis complex (TSC). TSC is autosomal
dominant neurocutaneous syndrome characterized by forma-
tion of benign hamartoma in various tissues including brain,
heart, and kidneys. It is caused by mutations in tumor sup-
pressor gene, either TSC1 or TSC2.

Case Report

A 2-year-old girl presented with 2-week history of breath-
lessness, fever, and generalized swellings around neck and
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Abstract Acute lymphoblastic leukemia (ALL) is themostcommon leukemia inchildren inwhich85%of
all cases are of B-cell ALL and approximately 15% cases are of T-cell ALL (T-ALL). Recent
revolution in next-generation sequencing has uncoveredmany novel somaticmutations and
rearrangements in ALL cells, which have prognostic and therapeutic implications, and it has
also led to recognition of germline variants in the same genes with somatic mutations
commonly associated with ALL. Apart from increasing the risk of developing ALL, germline
variantsmay influence diagnostic testing, genetic counseling, and response to antileukemic
treatment. This emphasizes importance of identification of new germline variants, or
association of inherited syndromes with ALL or other malignancies. Down’s syndrome,
Shwachman’s syndrome, Fanconi anemia, Bloom’s syndrome, neurofibromatosis, and ataxia
telangiectasia arewell-recognized conditions associatedwithALL. In this communication,we
report a rare association of T-ALL with tuberous sclerosis (TS). This is the first reported case,
showing association of T cell leukemia and TS with confirmatory genetic work-up.
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axilla. On examination, child had dysmorphic facies, micro-
cephaly, and found to have multiple hypomelanotic macules
(>3,>5mm in diameter) and shagreen patch (►Fig. 1),
fulfilling two major criteria for diagnosis of TSC. The clinical
diagnostic criteria for diagnosis of TSC is shown in ►Table 1.
She also had cervical lymph node enlargement andmoderate
hepatosplenomegaly.

On admission, laboratory investigations showed hemo-
globin of 8.5 g/dL, platelet count of 9,000 cells/mm3, and
white blood cells of 130,000 cells/mm3. Peripheral smear
revealed a normocytic hypochromic anemia with 94% lym-
phoblasts. Bone marrow aspiration morphology and flow-
cytometry studies showing T cell markers CD1a—0.1%, CD2—
93.1%, CD3 (cyto)—98.3%, CD3 (surface)—98.1%, CD4—0.4%,
CD5—86.3%, CD7—84%, CD8—47.9%, TCRab—0.1%, and TCRgd
—78.5% and precursormarkers showing CD34—23.8%, CD117
—38.5%, TdT—12.3, and CD99—15.5% confirmed the diagno-

sis of T-ALL. Karyotype of lymphoblast was normal and
fluorescence in situ hybridization for Philadelphia (Ph) chro-
mosome, t(12:21), and MLL rearrangement tested negative.
Chest radiograph revealed a mediastinal mass. Radiological
studies did not reveal presence of hamartomas anywhere in
the body.

Induction chemotherapy was started as per Indian Child-
hood Collaborative Leukemia protocol. Child showed good
response to treatment and achieved remission. At this point,
whole exome sequencing was carried out on peripheral
blood which revealed heterozygous exon 41
c.5226_5252delinsACT mutation in TSC2 gene on chromo-
some 16. The mutation is most likely germline mutation as
patient was in morphological remission at the time of
sampling. We could not do genetic testing on lymphoblasts
and on parental samples due to financial constraints. Unfor-
tunately, the child succumbed due to aspiration pneumonia
with septic shock during further chemotherapy while leuke-
mia was in remission.

Discussion

Neurocutaneous disorders, also described to as phacomato-
ses, are a group of congenital disorders with characteristic
central nervous system and cutaneous manifestations pre-
senting at different ages. These are rare diseases, with an
incidence below 1:2,000 individuals in the general popula-
tion. They include neurofibromatosis I and II, TSC, von
Hippel–Lindau’s disease, etc.6 Owing to their genetic abnor-
mality, they are highly susceptible to the development of
tumors both benign andmalignant.7 TSC is a neurocutaneous
genetic disorder with an autosomal dominant mode of
inheritance and variable expressivity. Clinically cutaneous
manifestations (hypopigmented macules, facial angiofi-
broma, shagreen patch) are most common; however, neuro-
logical (epilepsy, cognitive delay, autism) and renal
(angiomyolipoma, renal cell carcinoma) manifestations are
responsible for most of the morbidity and mortality associ-
ated with TSC.8 De novo genetic mutations in TSC1 and TSC2
are known to occur in 65% of the cases. It has general
prevalence of 1 in 6,000 to 10,000 newborns.9 As far as
genetic diagnostic criteria for TSC is concerned, the identifi-
cation of either a TSC1 or TSC2 pathogenic mutation in DNA
from normal tissue is sufficient to make a definite diagnosis
of TSC. A pathogenic mutation is defined as a mutation that
clearly inactivates the function of the TSC1 or TSC2 proteins
(e.g., out-of-frame indel or nonsense mutation), prevents
protein synthesis (e.g., large genomic deletion), or is a
missense mutation whose effect on protein function has
been established by functional assessment. Other TSC1 or
TSC2 variants whose effect on function is less certain do not
meet these criteria, and are not sufficient to make a definite
diagnosis of TSC. It has been postulated that 10 to 25% of TSC
patients have nomutation identified by conventional genetic
testing, and a normal result does not exclude TSC, or have any
effect on the use of clinical diagnostic criteria to diagnose
TSC. TSC1 gene, located on chromosome 9q34, and TSC2 gene,
located on chromosome 16p13.3, are tumor suppressor

Fig. 1 Hypopigmented macules and shagreen patch on the back of
patient.

Table 1 Clinical diagnostic criteria for TSC

Major features Minor features

Hypomelanotic macules
(�3, at least 5-mm diameter)

“Confetti” skin lesions

Angiofibromas (�3) or
fibrous cephalic plaque

Dental enamel pits (>3)

Ungual fibromas (�2) Intraoral fibromas (�2)

Shagreen patch Retinal achromic patch

Multiple retinal hamartomas Multiple renal cysts

Cortical dysplasiasa Nonrenal hamartomas

Subependymal nodules

Subependymal giant
cell astrocytoma

Cardiac rhabdomyoma

Lymphangioleiomyomatosisb

Angiomyolipomas (�2)b

Abbreviation: TSC, tuberous sclerosis complex.
Notes: Definite diagnosis: Two major features or one major feature with
�2 minor features. Possible diagnosis: Either one major feature or
�2 minor features.
a Includes tubers and cerebral white matter radial migration lines.
b A combination of the two major clinical features (lymphangioleiomyo-
matosis [LAM] and angiomyolipomas) without other features does not
meet criteria for a definite diagnosis.
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genes and encode for proteins called hamartin and tuberin,
respectively.10,11 These two proteins bind each other and
form a complex along with a third protein, TBC1D7 (tre2-
bub2-cdc161 domain family, member 7). They play a major
role in a key pathway in the cells regulating cellular homeo-
stasis. A protein kinase called mechanistic target of rapamy-
cin (mTOR) is involved in various cellular functions including
growth, proliferation, and survival. mTOR, in turn, is con-
trolled by Ras homolog enriched in brain (Rheb); when Rheb
is activated, protein synthesis is turned on via mTOR signal-
ing, and the cell grows. Both hamartin and tuberin are tumor
suppressors, which inhibit mTOR pathway by keeping Rheb
in an inactive state (►Fig. 2).12 Inactivation or alterations in
these proteins will cause disinhibition of Rheb, leading to
uncontrolled activity ofmTOR pathway. Thus, somaticmuta-
tions provide “second hit” in TSC patients leading to the
development of characteristic tumors such as subependymal
nodules, retinal hamartomas, angiomyolipomas, rhabdo-
myomas, intraoral fibromas, pancreatic neuroendocrine
tumors, etc.13 Patients with TSC1 mutation are more prone
for malignant tumor especially renal cell carcinoma com-
pared with those with TSC2 mutations or no mutation.14

Furthermore, mutations in several mTOR pathway com-
ponent genes are known to cause specific monogenic human
genetic diseases and this signaling cascade has been shown
to be of relevance for Alzheimer’s disease, type 2 diabetes,
obesity, and hypertrophy.15 Deregulation of these genes has
also been demonstrated to be associated with sporadic
bladder cancer, ovarian and gallbladder carcinoma, non-
small cell carcinoma of the lung, breast cancer, pancreatic

cancer, astrocytoma, xanthoastrocytoma, oral squamous cell
carcinoma, and endometrial cancer.16

As discussed earlier, the association of TSC with tumors is
well known, but hematopoietic malignancies are not com-
monly known to be associatedwith it. To our knowledge, this
is the first case of association between TSC and a T-ALL.
Occurrence of ALL in TSC by coincidence is less likely, as both
the disorders are very rare. Alternatively, it is conceivable
that there is causal relationship between TSC and T-ALL.
Possibly, somatic mutation in TSC1 or TSC2 genes in hemato-
poietic stem cells may provide second hit, with germline
mutation being first hit, to trigger leukemogenesis. Indeed,
PI3K–Akt–mTOR signaling pathway is frequently upregu-
lated in T-ALL and is associated with poor prognosis.17

Similarly, Chiang et al have demonstrated how common β-
chain-associated protein facilitates suppression of TSC2with
subsequent Rheb–mTORC1 activation in T-ALL cell line.18

Moreover, Xu et al found that hypermethylation of TSC2
promotors led to downregulation of expression of TSC2 in
acute leukemia blasts.19 This emphasizes role of hamartin
and tuberin and mTOR pathway in leukemogenesis and as
possible therapeutic targets. Indeed, preclinical studies have
shown promising results of activity of mTOR inhibitors in T-
ALL.20 Nonetheless, this needs further exploration with the
ultimate goal of its clinical application. We could not study
PI3K–Akt–mTOR signaling pathway functional studies in our
patient. However, we believe that our observation of this
novel and rare association of ALL is of relevance, particularly
to stimulate further research.

Conclusion

One should have a high index of suspension for malignancies
in cancer predisposing syndromes. We underline the rare
development of hematological malignancy in TSC.
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