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Summary: The occurrence of leukemia in twins is rare but has a
crucial implication in the genetic research of leukemia. This report
presents 2 pairs of monozygotic twins with precursor B-cell acute
lymphoblastic leukemia. Mixed lineage leukemia (MLL)-AF4 fusion
genes were found in the twin sisters. This study is the first to report on
infant ALL harboring the 46,XY, —4, + 10, —13, del(14)(q24),
—15, + 2mar[4 cells] complex chromosome abnormality. Our report
showed that the unified cytogenetic features in monozygotic twins
and MLL-AF4 fusion gene may be necessary but insufficient for the
clinical development and prognosis of identical twins with leukemia.
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cute lymphoblastic leukemia (ALL), the most common

type of leukemia in children, has achieved clinical suc-
cess, with >80% cure rate in a particular phenotype.
However, infant ALL, including infant twins, is a bio-
logically and clinically distinct disease from childhood
ALL. The prognosis of infant ALL remains poor and most
cured children face long-term sequel.! Thus, prevention and
early detection of this disease is of great concern. With the
deep understanding of cancer cytogenetics and the current
progress in biotechnology, a great diversity of chimeric
fusion genes has been identified in childhood ALL; most of
these genes are involved in prenatal, early genetic events in
the evolutionary trajectory of this cancer.?

The common inheritance of twins has an important
implication in medical research. In particular, it provides an
opportunity to explore the vulnerability of twins to dis-
eases. In this report, we present 2 cases of concordant ALL
in monozygotic twins through cytogenetic studies. These
cases are used as baseline to define the sequence of genetic
events underlying the development of leukemia and infer
the contribution of these mutations to clonal progression
and adverse prognosis.
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CASE REPORT

Case 1

Twin sisters were born by spontaneous delivery in 2010 at 4
weeks before term. They shared a single placenta. Twin A, the
younger one, was examined for a history of anorexia and inter-
mittent fever for over 1 month at the age of 14 months. The
hemogram showed moderate anemia, high total white blood cell
(WBC) count with 66% blasts, and low platelet count. The bone
marrow aspirate showed 90% of blasts, and the immunopheno-
typing of abnormal cells confirmed the diagnosis of pro-B-ALL,
that is, CD10 negative without surface or cytoplasmic immuno-
globulin (Ig). The G-banded karyotype was 46,XX[7 cells].
Examination showed that the cerebrospinal fluid was normal.

One year and 3 months after twin A was diagnosed, twin
B was hospitalized for sallow complexion, fever, and abdominal
distension. Physical examination revealed hepatosplenomegaly.
The laboratory data upon admission showed 67.5% blasts in
WBC. The hemoglobin concentration was declining, but the
platelet count was within the normal range. Twin B was diagnosed
with pro-B-ALL by bone marrow aspiration and immunopheno-
typing. Cell surface marker analysis exhibited B-cell lymphoblastic
proliferation. The G-banded karyotype was 46,XX,t(4;11)
(a21; q23)[20 cells]. RT-PCR was also carried out on the cytoge-
netic preparation of peripheral blood samples to analyze the fusion
genes in leukemic cells. We tested the following 15 fusion genes:
MLL-AFX, MLL-AFIP, MLL-AF4, MLL-AF6, dupMLL, MLL-
ENL, E24-PBX1, BCR-ABL (p210), E2A-HLF, BCR-ABL
(p190), SIL-TALI, TEL-AMLI, TLS-ERG, TEL-ABL, and
HOX11. The twins had demonstrable MLL-AF4 fusion genes and
IgH rearrangement (Fig. 1, Table 1).

The twins were treated for high-risk ALL with chemotherapy
according to the Chinese Children’s Leukemia Group 2008
(CCLG-2008) protocol.> The minimal residual disease in the twins
reached complete remission on the 33rd day of chemotherapy.

Case 2

Twin brothers were delivered by cesarean section at 38 weeks
of gestation. They shared a single placenta. Twin C, the younger one,
presented skin petechiae at 7 months. Twin D was hospitalized for
the same reason at 10 months. The peripheral blood counts of the
twins were as follows: decreased hemoglobin levels, high WBC count
with blasts, and low platelet counts. The bone marrow aspirate
findings of the brothers and the immunophenotype of the leukemic
cells were consistent with the diagnosis of common precursor
B-cell ALL, that is, CD10 positive without surface or cytoplasmic Ig.
The fusion gene test of the leukemic cells presented normal
without MLL-AF4 rearrangement. G-banding chromosomal anal-
ysis showed 46, XY, —4, + 10, —13, del(14)(q24), —15, + 2mar[4
cells]/46, XYT6 cells] for twin C and 46,XY[20 cells] for twin D. The
twin brother had IgH rearrangement (Fig. 2, Table 1) The twins
were treated by the CCLG-2008 protocol for high-risk ALL. Twin C
achieved complete remission with induction chemotherapy. How-
ever, twin D failed with the chemotherapy, with an minimal residual
disease of 3.12% on the 33rd day of the VDLP protocol. Twin C was
again treated with induction chemotherapy, after which he success-
fully entered into the consolidation stage of the therapy.
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FIGURE 1. /gH rearrangement in twin sisters with acute lymphoblastic leukemia.

DISCUSSION
Research has shown that the concordance rate in
monozygotic twins with ALL, at least for infants, is
extraordinarily high. The pathogenetic mechanism under-
lying this phenomenon has been studied for years. In 1962,
Wolman* suspected that this disease may have originated in
one twin within the uterus and may have been transmitted
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to the other through the conjoined circulation. This idea
was resurrected and developed more fully in 1971 by
Clarkson and Boyse.> Current research favored the view
that the in utero single clonal origin hypothesis of leukemia
and intraplacental metastasis is the basis for concordant
ALL. Rich innate genetics and less external environmental
disturbances are crucial in such research. Molecular studies
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FIGURE 2. /gH rearrangement in twin brothers with acute lymphoblastic leukemia.

detection of a rearranged MLL gene and chromosomal
translocations is clinically important for the therapy
and prognosis of ALL. However, the mechanism under-
lying this phenomenon is yet to be elucidated by future
studies.
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