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Abstract: About 2%–5% of acute lymphoblastic leukemia (ALL) cases in pediatric patients are in-

fants with an unfavorable prognosis because of high relapse probability. Early detection of the 

disease is, therefore, very important. Despite the fact that leukemia in twins occurs rarely, more at-

tention has been paid to it in genetic studies. In the present study, through cytogenetic testing, a 

special case of concordant ALL in monozygotic twins was presented with different outcomes. In 

spite of an acceptable initial consequence to medical treatment in twins, in another brother (Twin 

B), early relapse was observed. In the cytogenetic study, both twins expressed t (4; 11) (q21; q23) 

while twin A expressed t (2; 7) (p10; q10). No cases have previously reported this mutation. 

Whether this translocation has a protective role for leukemia with mixed-lineage leukemia (MLL) 

gene rearrangement is still unclear. The difference in the translocation identified in the identical 

twins is also subject to further investigations. 
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1. Introduction 

One of the most common malignancies that could happen between the ages of 2–6 

is ALL. Those under the age of 12 months have an extremely poor prognosis [1–4]. Pa-

tients who go into remission have a high incidence of early relapse [1]. 

In monozygotic twins, the high rate of concordance of leukemia, early onset of in-

fant ALL, and observing similar genetic alterations all suggest that infantile leukemia 

has a single uterine clonal origin and intra-placental metastasis. MLL-AF4 fusion se-

quences have been detected in the Guthrie cards from patients with infantile leukemia 

[5]. The mixed-lineage leukemia (MLL) gene that is known as histone-lysine N-

methyltransferase 2A (KMT2A Protein) and is located on chromosome band 11q23, was 

observed approximately in about 34%–50% of infant acute myeloid leukemia (AML) 

cases and 50%–80% of infant ALL cases [6]. In older children, the MLL gene rearrange-

ments percentage is 14% and 6% for AML and ALL cases, respectively [7]. Infants who 

are negative for MLL rearrangements have superior outcomes [8]. Based on the studies 

carried out for investigating concordant leukemia in monozygotic twins have demon-

strated that their cancerous cells of leukemia share similar clonotypic markers that indi-

cate an origin in one twin in the womb [9,10]. Additionally, chromosomal translocations 

are primarily responsible for leukemogenesis events during the embryonic period that 

indicates MLL gene fusions in infants with ALL [5,11,12]. 
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2. Case Presentation 

In 2015, identical twin brothers were born through cesarean delivery at 38 weeks of 

pregnancy. After examining Twin A for assessment and the ecchymosis history at the 

age of eight months, it was observed that he had hepatosplenomegaly. The findings of 

complete blood count (CBC) were as follows: WBC: 85 × 103/μL with many lympho-

blasts, Hb: 6.5 g/dl, Plt: 43 × 103/μL. As could be seen from Figure 1, the bone marrow 

aspiration procedure demonstrated 92% of blasts. Moreover, conducting the immuno-

phenotyping technique of abnormal cells provided the approval of pro-B-ALL diagnosis 

that is CD10-negative in ALL cases without cytoplasmic immunoglobulin (CIg) or sur-

face immunoglobulin (sIg). Cytogenetic analysis was positive for t (4; 11) and KMT2A-

AFF1 (MLL-AF4) was identified by nested PCR. In accordance with Figure 2, the result of 

analysis of human G-banded Karyotype in this study was 46, XY, t (4; 11) (q21; q23)/46 

XY idem, t (2; 7) (p10; q10)/46 XY (Figure 3). The cerebrospinal fluid was normal. 

At the same time, incidental hepatosplenomegaly was detected in twin B. The la-

boratory data upon admission showed these results: (WBC: 181 × 103/μL with many 

lymphoblasts, Hb: 9 g/dL, Plt: 148 × 103/μL), with 72% blasts in the bone marrow aspira-

tion. By conducting the immunophenotyping analysis, pro-B-ALL was similarly identi-

fied in Twin B (Figure 3). Cytogenetic analysis was positive for t (4; 11) and KMT2A-

AFF1 (MLL-AF4) was identified by nested PCR. As could be seen from Figure 4, the G-

banded karyotype was t (4; 11) (a21; q23) [11]/46XY. Then, in accordance with the Inter-

fant-99 protocol, chemotherapy was used for treating twins with high-risk ALL. About 

33 days after applying chemotherapy in twins, the minimal residual disease (MRD) 

reached complete remission. Twins achieved complete remission with maintenance 

chemotherapy after 2 years, but twin B relapsed five months after the ending of the pro-

tocol. 

 

Figure 1. Flowcytometry of twin A. 
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Figure 2. Cytogenetic analysis of twin A. The Metafer-based metaphase finder (MSearch) was used 

for scanning the slides in this study. Twenty metaphase spreads were selected randomly and stud-

ied based on the technique of Greasing the groove (GtG) at 350–400 band resolution. This indicates 

46 chromosomes with chromosomal translocation of 4 and 11 chromosomes, which break in 12 

spreads where reunion and breakage have occurred at bands 11q23 and 4q21. In four spreads, 

chromosomes 2 and 7 translocations with breakage and reunion among bands 7p21 and 2p22 was 

also observed. The remaining eight spreads revealed a normal 46, XY pattern. Conclusion: 

46,XY,t(4;11)(q21;q23)/46,XY,idem,t(2;7)(p10;q10)/46, XY. 

 

Figure 3. Flowcytometry of twin B. 
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Figure 4. Cytogenetic analysis of twin B. Sixteen metaphase spreads were selected randomly and 

studied based on the technique of greasing the groove (GtG) at a 350–400 band resolution. That 

indicates 46 chromosomes with chromosomal translocation of 4 and 11 chromosomes, which 

breaks in 11 spreads where reunion and breakage have occurred at bands 11q23 and 4q21. The 

remaining five spreads revealed a normal 46, XY pattern. Conclusion: 46, XY, t (4; 11) (q21; q23) 

[11]/46, XY. 

3. Discussion 

In 1882, the first report of similar infant twins with concordant leukemia was de-

scribed [12]. In 1962, Wollman suggested that the origin of infantile leukemia might start 

from one twin and be transmitted to the other through conjoined circulation [13]. Clark-

son and Boyes [14] accepted and developed the hypothesis of metastasis in the placenta. 

Since the emergence of that hypothesis, a broad range of monochorionic twins have been 

reported with infantile leukemia, and the development of in vitro techniques has ena-

bled the molecular characterization of the disease. 

Estimation of the concordance rate for childhood leukemia was first reported in 

1964. In a study by MacMahon and Levy, it is suggested that the concordance rate for 

acute leukemia (both ALL and AML) is between 5% and 25% in children at birth [15]. 

Studies have been demonstrated that, in monozygotic twins with ALL, the con-

cordance rate is high. The mechanism that is introduced in the present study has been 

examined in different studies. In spite of that, both twins may be presented with clinical 

symptoms of leukemia. These symptoms could not always lead to a precise diagnosis of 

disease. In this regard, for making an appropriate decision about any possible risks, at 

the initial steps of examination, healthy twins must be detected and be followed up. 

By identifying similar gene variations from leukemic cells, the process of identifica-

tion of intrauterine monoclonal origin was carried out between infant twin pairs with 

MLL gene abnormalities [16]. Translocation of the MLL gene in two groups of patients 

including infants and those pediatric patients who were treated previously with topoi-

somerase II inhibitors for other cancers [11]. Gu et al. [17] demonstrated that there is a 

significant association among the MLL gene and infantile leukemia. In their study, Rub-

nitz et al. [18] investigated the presence of MLL gene rearrangements in infant patients 

with ALL whether they have t (4; 11) or not and/or other structural chromosomal varia-

tions involving 11q23. They introduced the MLL-AF4 fusion transcript as the most criti-

cal prognostic factor in infant patients with ALL. 

So far, the exact number of twins with infant leukemia has not been reported. In 

2003, more than 70 infants were diagnosed with concordant infantile leukemia, who 
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were same-sex or known monozygotic twin pairs. Concordant leukemia is rare among 

twins with different sexes or known dizygotic twin pairs [19]. 

Previous studies have reported that, in some discordant cases of monozygotic twins 

detected with leukemia, MLL gene translocation could be observed. In one case, the pla-

centa was unknown and, in another one, it was dichorionic. However, in some cases, it 

was thought that the placenta initiation will happen postnatally [20,21]. In this regard, 

the need to further studies on discordant leukemia in twins seems urgent. 

Among twin cases with ALL, the availability of abnormal changes of the chromo-

some provides adequate evidence of the clonal evolution [22]. In a study carried out by 

Stumpel et al. [23], the specific pattern of translocation of methylated DNA was identi-

fied among MLL-rearranged infant ALL and then the effect of DNA hypermethylation 

on the survival of patients without recurrence was confirmed. The process of identifica-

tion of overexpression of B-cell lymphoma 2 as an anti-apoptotic factor was carried out 

in primary cells and cell lines with translocation of MLL with t (4; 11) [24]. This has led to 

development of molecularly directed therapy. 

Kadan-Lottick et al. have conducted a study on the twin’s cancer risks. They inves-

tigated the cancer family history of 211 twins that participated in the Childhood Cancer 

Survivor Study (CCSS). They also calculated proband-wise twin concordance rates. The 

achieved results declared that seven pairs of monozygotic twins were concordant to fa-

milial cancer (one of them with non-Hodgkin’s lymphoma (NHL), and six other twins 

with leukemia). For all cancers, the concordance rate was 9.5% (20.0% for NHL and 

20.7% leukemia). However, in dizygotic twins, there was no concordance [25]. As a con-

sequence, through the investigated cases, it was shown that unified cytogenetic charac-

teristics are integrated with monozygotic twins. Anyway, in the twins, exogenous fac-

tors may also be involved within the leukemia development after in utero initiation. 

Appropriate detection of chromosome translocation and rearranged MLL gene are 

two clinical important factors that should be considered for the prognosis and therapy of 

ALL. Further studies are required to clarify the mechanism underlying this phenome-

non. In the present study, an infant leukemia sample in a twin with the same cytogenetic 

characteristic was investigated. The results were positive for the MLL-AF4 fusion protein 

with t(4;11) chromosomal translocation. In spite of early appropriate responses for 

treatment in both twins, one of the brothers experienced an early relapse (Twin B), but 

twin A continued his complete remission. Two cases of concordant infantile leukemia 

with discordant outcomes in twins have been previously reported. The first one was re-

ported by Henning Fedders et al. in 2014. In their study, it was suggested that twin cells, 

with relapse, might evade immune surveillance as a mechanism of disease persistence 

[26]. 

Fedders et al. also reported the second case in 2015. Based on their studies, the 

availability of high levels of DSC2 expression in residual tumor cells may be a pathogen-

ic mechanism of the disease in infantile relapsed ALL patients [27]. 

Finally, we reported third twins with concordant ALL and discordant outcomes. In 

the cytogenetic study, twin A expressed t (2; 7) (p10; q10), which was negative in the oth-

er twin. No cases have been reported previously for this mutation. Whether this translo-

cation has a protective role for leukemia with MLL gene rearrangement still remains un-

clear. The difference in the translocation identified in the identical twins is also subject to 

further deliberation. Evaluation of more twins with infantile leukemia may contribute 

toward identifying new cytogenetic changes. 

Funding: This research received no external funding. 

Institutional Review Board Statement: In this section, you should add the Institutional Review 

Board Statement and approval number, if relevant to your study. You might choose to exclude this 

statement if the study did not require ethical approval. Please note that the Editorial Office might 

ask you for further information. Please add “The study was conducted according to the guidelines 

of the Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Commit-



Pediatr. Rep. 2021, 13 14 
 

tee) of NAME OF INSTITUTE (protocol code XXX and date of approval).” OR “Ethical review and 

approval were waived for this study, due to REASON (please provide a detailed justification).” 

OR “Not applicable” for studies not involving humans or animals. 

Informed Consent Statement: Please add “Informed consent was obtained from all subjects in-

volved in the study.” OR “Patient consent was waived due to REASON (please provide a detailed 

justification).” OR “Not applicable” for studies not involving humans. 

Data Availability Statement: please refer to suggested Data Availability Statements in section 

“MDPI Research Data Policies” at https://www.mdpi.com/ethics. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Lanzkowsky, P.; Lipton, J.M.; Fish, J.D. Lanzkowsky’s Manual of Pediatric Hematology and Oncology, 6th ed.; Academic Press: 

London, UK, 2016. 

2. Bahoush-Mehdiabadi, G.; Habibi, R.; Shariftabrizi, A.; Vossough, P. Epidemiologic Survey of Infantile Cancer in Iran based on 

the Data of the Largest Pediatric Cancer Referral Center (Ali-Asghar Children Hospital), 1996–2005. Asian Pac. J. Cancer Prev. 

2014, 15, 1211–1217. 

3. Pieters, R.; Schrappe, M.; De Lorenzo, P.; Hann, I.; De Rossi, G.; Felice, M.; Hovi, L.; Leblanc, T.; Szczepanski, T.; Ferster, A.; et 

al. A treatment protocol for infants younger than 1 year with acute lymphoblastic leukaemia (Interfant-99): An observational 

study and a multicentre randomised trial. Lancet 2007, 370, 240–250 

4. Pieters, R.; De Lorenzo, P.; Ancliffe, P.; Aversa, L.A.; Brethon, B.; Biondi, A.; Campbell, M.; Escherich, G.; Ferster, A.; Gardner, 

R.A.; et al. Outcome of Infants Younger Than 1 Year With Acute Lymphoblastic Leukemia Treated With the Interfant-06 Pro-

tocol: Results From an International Phase III Randomized Study. J. Clin. Oncol. 2019, 37, 2246–2256. 

5. Gale, K.B.; Ford, A.M.; Repp, R.; Borkhardt, A.; Keller, C.; Eden, O.B.; Greaves, M. Backtracking leukemia to birth: Identifica-

tion of clonotypic gene fusion sequences in neonatal blood spots. Proc. Natl. Acad. Sci. USA 1997, 94, 13950–13954. 

6. Valentine, M.C.; Linabery, A.M.; Chasnoff, S.; Hughes, A.E.O.; Mallaney, C.; Sanchez, N.; Giacalone, J.; A Heerema, N.; Hil-

den, J.M.; Spector, L.G.; et al. Excess congenital non-synonymous variation in leukemia-associated genes in MLL− infant leu-

kemia: A Children’s Oncology Group report. Leukemia 2013, 28, 1235–1241. 

7. Ross, J.A.; Linabery, A.M.; Blommer, C.N.; Langer, E.K.; Spector, L.G.; Hilden, J.M.; Heerema, N.A.; Radloff, G.A.; Tower, 

R.L.; Davies, S.M. Genetic variants modify susceptibility to leukemia in infants: A Children’s Oncology Group report. Pediatr 

Blood Cancer 2013, 60, 31–34. 

8. Nagayama, J.; Tomizawa, D.; Koh, K.; Nagatoshi, Y.; Hotta, N.; Kishimoto, T.; Takahashi, Y.; Kuno, T.; Sugita, K.; Sato, T.; et 

al. Infants with acute lymphoblastic leukemia and a germline MLL gene are highly curable with use of chemotherapy alone: 

Results from the Japan Infant Leukemia Study Group. Blood 2006, 107, 4663–4665. 

9. Ford, A.M.; Ridge, S.A.; Cabrera, M.E.; Mahmoud, H.; Steel, C.M.; Chan, L.C.; Greaves, M. In utero rearrangements in the 

trithorax-related oncogene in infant leukaemias. Nat. Cell Biol. 1993, 363, 358–360. 

10. Maia, A.-T.; Ford, A.M.; Jalali, G.R.; Harrison, C.J.; Taylor, G.M.; Eden, O.B.; Greaves, M. Molecular tracking of leukemogene-

sis in a triplet pregnancy. Blood 2001, 98, 478–482. 

11. Megonigal, M.D.; Rappaport, E.F.; Jones, D.H.; Williams, T.M.; Lovett, B.D.; Kelly, K.M.; Lerou, P.H.; Moulton, T.; Budarf, 

M.L.; Felix, C.A. t(11;22)(q23;q11.2) in acute myeloid leukemia of infant twins fuses MLL with hCDCrel, a cell division cycle 

gene in the genomic region of deletion in DiGeorge and velocardiofacial syndromes. Proc. Natl. Acad. Sci. USA 1998, 95, 6413–

6418 

12. Li, X.; Sun, N.; Huang, X. Two Pairs of Monozygotic Twins with Concordant Acute Lymphoblastic Leukemia (ALL): Case 

Report. J. Pediatr. Hematol. Oncol. 2014, 36, e299–e303. 

13. Senator, H. Zur Kenntniss der leukamie und pseudoleukaemie im kindesalter. Berl. Klin. Wochenschr. 1882, 35, 533–536. 

14. Wolman, I.J. Parallel responses to chemotherapy in identical twin infants with concordant leukemia. J. Pediatr. 1962, 60, 91–96. 

15. Clarkson, B.; Boyse, E.A. Possible explanation of the high concordance for acute leukaemia in monozygotic twins. Lancet 1971, 

1, 699–701. 

16. MacMahon, B.; Levy, M.A. Prenatal origin of childhood leukemia. N. Engl. J. Med. 1964, 270, 1082–1085. 

17. Domer, P.H.; Fakharzadeh, S.S.; Chen, C.S.; Jockel, J.; Johansen, L.; Silverman, G.A.; Kersey, J.H.; Korsmeyer, S.J. Acute 

mixed-lineage leukemia t(4;11)(q21;q23) generates an MLL-AF4 fusion product. Proc. Natl. Acad. Sci. USA 1993, 90, 7884–7888. 

18. Gu, Y.; Nakamura, T.; Alder, H.; Prasad, R.; Canaani, O.; Cimino, G.; Croce, C. The t(4;11) chromosome translocation of hu-

man acute leukemias fuses the ALL-1 gene, related to Drosophila trithorax, to the AF-4 gene. Cell 1992, 71, 701–708. 

19. Rubnitz, J.E.; Link, M.P.; Shuster, J.J.; Carroll, A.J.; Hakami, N.; Frankel, L.S.; Pullen, D.J.; Cleary, M.L. Frequency and prog-

nostic significance of HRX rearrangements in infant acute lymphoblastic leukemia: A Pediatric Oncology Group study. Blood 

1994, 84, 570–573. 

20. Greaves, M.F.; Maia, A.T.; Wiemels, J.L.; Ford, A.M. Leukemia in twins: Lessons in natural history. Blood 2003, 102, 2321–2333. 

21. Campbell, M.; Cabrera, M.E.; Legues, M.E.; Ridge, S.; Greaves, M. Discordant clinical presentation and outcome in infant 

twins sharing a common clonal leukaemia. Br. J. Haematol. 1996, 93, 166–169. 



Pediatr. Rep. 2021, 13 15 
 

22. Broadfield, Z.J.; Hain, R.D.W.; Harrison, C.J.; Jalali, G.R.; McKinley, M.; Michalová, K.; Robinson, H.M.; Zemanová, Z.; Marti-

neau, M. Complex chromosomal abnormalities in utero , 5 years before leukaemia. Br. J. Haematol. 2004, 126, 307–312. 

23. Stumpel, D.J.P.M.; Schneider, P.; Van Roon, E.H.J.; Boer, J.M.; De Lorenzo, P.; Valsecchi, M.G.; De Menezes, R.X.; Pieters, R.; 

Stam, R. (Ronald) Specific promoter methylation identifies different subgroups of MLL-rearranged infant acute lymphoblastic 

leukemia, influences clinical outcome, and provides therapeutic options. Blood 2009, 114, 5490–5498. 

24. Robinson, B.W.; Behling, K.C.; Gupta, M.; Zhang, A.Y.; Moore, J.S.; Bantly, A.D.; Willman, C.L.; Carroll, A.J.; Adamson, P.C.; 

Barrett, J.S.; et al. Abundant anti-apoptotic BCL-2 is a molecular target in leukaemias with t(4;11) translocation. Br. J. Haematol. 

2008, 141, 827–839. 

25. Tulstrup, M.; Stoltze, U.K.; Schmiegelow, K.; Yangp, J.J. Epidemiology and Etiology of Childhood ALL. Child. Acute Lympho-

blastic Leuk. 2017, 10, 1–27. 

26. Fedders, H.; Alsadeq, A.; Petersen, B.-S.; Kellner, C.; Peipp, M.; Valerius, T.; Haesler, R.; Alten, J.; Möricke, A.; Strube, S.; et al. 

Analyses of a Pair of Concordant Twins with Infant ALL and Discordant Clinical Outcome Reveals Immunoescape As a 

Mechanism of Disease Persistence in MLL-Rearranged Leukemia. Blood 2014, 124, 3791. 

27. Fedders, H.; Petersen, B.; Alsadeq, A.; Kellner, C.; Peipp, M.; Bulduk, M.; Valerius, T.; Häsler, R.; Alten, J.; Möricke, A.; et al. A 

Case of Concordant Twins with Infant ALL and Discordant Clinical Outcome–Part I: The genetic basis–identification of DSC2 

as a gene with prognostic impact in infant MLL-rearranged ALL. Klin. Pädiatrie 2015, 227, A16. 
 


