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Abstract: The MLL gene is a site of frequent rearrangement in acute leukemia with multiple fusion 

partners, but MLL-SEPT6 rearrangement is rare in clinical leukemia practice, and only 13 cases 

have been reported. We describe the case of an acute myelogenous leukemia child with 

MLL-SEPT6 rearrangement whose age of onset and accompanying gene mutations differs from 

previous reports. Considering the poor prognosis of leukemia children with MLL-SEPT6 rear-

rangement and the unsatisfactory results of existing treatments, the study of this case may provide 

new theories for diagnosis and treatment of MLL-SEPT6-associated childhood acute leukemia. 
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0. How to Use This Template 

1. Introduction 

The mixed-lineage leukemia (MLL) gene is located on human chromosome 11q23, 

also known as KMT2A, ALL⁃1 or HRX [1-2]. The MLL gene-related rearrangements ac-

count for about 3/5 of the acute myeloid leukemia-associated fusion genes and the 

prognosis varies with partner genes [3]. The fusion partners of the MLL gene can be di-

vided into four categories: nuclear protein genes, cytoplasmic protein genes, histone 

acetyltransferase genes, and the septin family. The septin family is a highly conserved 

family of GTP-binding proteins that are associated with cell membrane, actin, and mi-

crotubule apoptosis [4]. Among them, five different septin family genes namely SEPT2, 

SEPT5, SEPT6, SEPT9, and SEPT11 were confirmed as fusion partners of MLL genes 

[5-10]. However, only thirteen cases of MLL-SEPT6 fusion gene mutation have been re-

ported. Here, we describe the fourteenth case of MLL-SEPT6 with TRAF3, FGFR3 muta-

tion in a child with acute myeloid leukemia (AML) and review the selected articles to 

further explore clinical features and treatment options of AML children with 

MLL-SETP6. 

2. Results 

The patient, a 10-year-old Chinese boy, inhales 4.5ug budesonide once a day after 

the diagnosis of asthma at 8-year-old. Except for asthma, he had no other medical past 
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history. In April 2018, he was hospitalized due to intermittent fever and bone pain. La-

boratory tests showed that white blood cell count: 3.7×109/L, neutrophil count: 2.0×109/L, 

hemoglobin level: 114g/L, blood platelet count: 245×109/ L; procalcitonin (PCT): 2.29 

ng/ml, C-reaction protein (CRP) > 200 mg/L, lactate dehydrogenase (LDH): 2167 IU/L. His 

PCT and CRP decreased after anti-infective treatment but his clinical symptoms were not 

relieved and hemoglobin continued to decline, therefore he was transferred to another 

hospital for a higher level of care. In that hospital, he received anti-infective treatment 

with ceftriaxone, and then his fever and bone pain were relieved. The white blood cell 

and platelet counts were normal while four units of red blood cell were given as hemo-

globin significantly decreased. From 2018.4.11 to 2018.5.8, four bone marrow examina-

tions were performed and the results were summarized as follows: 

Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited. 

Date Site Cellularity Blast cells  in 

bone marrow 

Fusion gene Karyotype Blast cells  

in peripheral 

blood 

4.11 Posterior supe-

rior iliac spine 

Bone marrow presented a pale-yellow watery change with many necrosis 

cells and cellular debris. 

8% 

4.16 Posterior supe-

rior iliac spine 

(dry tap) 

Severe hypocellular-

ity 

25% MLL-SEPT6 

positive 

- 1% 

4.25 Posterior supe-

rior iliac spine 

Normocellularity 6.8% MLL-SEPT6 

positive 

Normal  

karyotype 

2% 

5.8 Posterior supe-

rior iliac spine 

Hypocellularity 8.8% MLL-SEPT6 

positive 

- 2% 

5.8 Sternum Significant hypercel-

lularity 

5.2% MLL-SEPT6 

positive 

- 2% 

On May 17, 2018, he was admitted to our department suffering from a recurrence of 

fever and bone pain. Laboratory tests showed that white blood cell count: 4.94 × 109 / L, 

neutrophil count: 3.71 × 109 / L, hemoglobin level: 107g / L, blood platelet count: 440 × 

109 / L, PCT: 112mg / L, LDH: 411.9IU / L, and all blood culture tests were negative. 

Bone marrow smear manifested a normocellular bone marrow with 13.5% myeloblasts. 

Simultaneously, bone marrow biopsy displayed a hypercellular bone marrow, increased 

numbers of immature cells including 12% blast cells, and marrow fibrosis staining grade 

Ⅰ (MF-1). Immunophenotyping analysis revealed a 0.5% myeloid blast cell population 

and myeloid cells were basically mature. No additional abnormalities were observed in 

other cell phenotypes.  

Testing with a genetic sequencing panel for 43 genes associated with leukemia 

identified a MLL-SEPT6 rearrangement. However, his parents were negative for 

MLL-SEPT6. Otherwise, the next-generation sequencing discovered a TRAF3 mutation 

(NM-003300,  Exon11, c.1688C>T, p.S563L) and a FGFR3 mutation (NM-000142, Exon5, 

c.490C>G, p.L164V), with frequency both above 40%. The frequency of MLL was 6.4% 

(threshold value <2.17%) by FISH testing. The metaphase cells were not observed in 

karyotype analysis.  PET scan illustrated increased metabolism in the bone marrow of 

the body and lower limbs, consistent with leukemia, and diffusely increased metabolism 

in the enlarged spleen suggesting secondary changes caused by leukemia. The patient 

was initially diagnosed with acute myeloid leukemia (with myelofibrosis, TRAF3 & 

FGFR3 mutations, MLL-SEPT6 positive). However, the patient's blast cell percentage 

was below 20% which was not adequate to diagnose acute leukemia. Because his parents 

refused to let him receive chemotherapy, we gave him anti-infective treatment with 

cefoperazone sulbactam. Subsequently, his symptoms such as fever and bone pain were 

relieved. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 March 2021                   doi:10.20944/preprints202103.0601.v1

javascript:showjdsw('showjd_0','j_0')
javascript:;
javascript:;
javascript:;
https://doi.org/10.20944/preprints202103.0601.v1


 

 

On June 27, 2018, he developed fever and bone pain again. Laboratory tests dis-

played that white blood cell count: 6.08×109/L, neutrophil count: 2.61×109/L, hemoglobin 

level: 105g/L, blood platelet count: 340×109/L; LDH: 609IU/L. Bone marrow smear exhib-

ited a hypercellular bone marrow with massive myeloblasts (40%) and chemical staining 

indicating AML-M2a. Immunophenotyping analysis found bone marrow cells express-

ing CD33, MPO, mildly expressing CD38, CD13, CD15, CD64, CD4, consistent with 

AML-M2. Additionally, molecular biology tests demonstrated MLL-SEPT6 positive. The 

karyotype of bone marrow cells was 46, Y, -X, del(6)(q23), add(11)(q23), add(22)(q13), 

+mar[13]/46, XY[7]. The patient was diagnosed with AML-M2a (with myelofibrosis, 

TRAF3 & FGFR3 mutations, MLL-SEPT6 positive). Subsequently, he received the induc-

tion therapy with MAE regimen, his fever and bone pain alleviated after that, and then 

he experienced bone marrow suppression followed by hematopoietic recovery and dis-

charge. 

On August 13, 2018, and September 17, 2018, the patient was hospitalized for reas-

sessment. The results were as followed: peripheral blood cell counts basically normal, 

the bone marrow smears implying complete remission, and two immunophenotyping 

analyses revealing 0.35% and 0.72% abnormal phenotype cells respectively. Although 

the MLL-SEPT6 was positive, chromosome karyotype analysis was normal during two 

evaluations. 

Minimal residual disease and MLL-SEPT6 fusion gene tests continued to be positive 

after 3 cycles of standard combination chemotherapy, suggesting a poor prognosis. We 

recommended him to receive allogeneic hematopoietic stem cell transplantation with the 

aim to obtain long-term survival and improve the prognosis.  In November 2018, he 

received a hematopoietic stem cell transplant at Peking University People's Hospital, 

and the donor was his father. Eight months after transplantation, the patient developed 

a cutaneous graft-versus-host disease manifesting as an eczematoid skin lesion. Fortu-

nately, bone marrow examinations showed that he was in remission thereafter. 

3. Discussion 

It is a rare event that the chromosome rearrangement of 11q23 and Xq24s leads to 

the formation of the MLL-SEPT6 fusion gene. To date, only thirteen cases have been re-

ported worldwide [8,11-17]. These leukemia patients were all in babyhood (0~29 

months), including five M2 cases, four M4 cases, one M1 case, one M5 case, and two un-

classified cases. Among them, one of four patients alone receiving chemotherapy sur-

vived for more than thirteen months, while two of eight patients experiencing hemato-

poietic stem cell transplantation prolonged their life by nine months and eleven months 

respectively, and the rest six of eight patients achieved long-term survival. This case is 

the fourteenth case worldwide. The age of onset of MLL-SEPT6 related leukemia in this 

case is significantly older than that in infants previously reported, suggesting that 

MLL-SEPT6 related leukemia can occur not only in infants but also in children. The 

minimal residual disease examinations and fusion gene test results failed to turn negative 

after three cycles of standard chemotherapy, in accord with previous reports that the 

prognosis of AML patients with MLL-SEPT6 was poor. Therefore, AML patients with 

MLL-SEPT6 may receive hematopoietic stem cell transplantation as soon as possible to 

obtain long-term survival.  

Although the majority (65%) of children with MLL rearrangement are diagnosed 

with acute lymphoblastic leukemia (ALL) [18], we speculated that the MLL-SEPT6 rear-

rangements are related to the development of AML rather than ALL. The formation of 

fusion genes between MLL and other septin family members (SEPT2, SEPT5, SEPT9, and 

SEPT11) is also associated with the occurrence of AML rather than ALL [10,18,19]. In the 

mouse model, MLL-SEPT6 can induce a myeloproliferative disease with long latent pe-

riod, but not acute leukemia, which indicates that the occurrence of leukemia requires the 

mutual participation of MLL-SEPT6 and secondary genetic alterations related to DNA 
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repair or cell cycle regulation [20]. Furthermore, SEPT6 deficiency did not change the 

phenotype of MLL-SEPT6-induced myeloproliferative disease, suggesting that SEPT6 

does not act as a tumor suppressor gene [21]. Considering the lack of relevant researches, 

the further establishment of MLL-SEPT leukemia model in vivo and in vitro will help to 

clarify the mechanism of MLL-SEPT6 fusion gene in the progression of leukemia[20].  

By comparing the clinical characteristics of leukemia patients with MLL-SEPT6, we 

found that the disease progression of this patient was slower than the others. The main 

clinical symptoms were bone pain and fever, no obvious signs of infection but the in-

flammation markers continued to rise. The symptoms could be relieved after an-

ti-infective treatment, but they will reappear after stopping antibiotics. Although the 

MLL-SEPT6 fusion gene was continuously positive at the onset, the proportion of blast 

cells was below 20%.  The bone marrow examination results were quite different which 

might be a consequence due to the focal distribution of leukemia cells confirmed by PET 

scan. These clinical features did not appear in reported cases.  

The next-generation sequencing results disclosed that the patient had TRAF3 Ex-

on11 and FGFR3 Exon5 mutations (frequency >40%). TRAF3 mutation is associated with 

lymphoma and myeloma development [22-24] while FGFR3 mutation is associated with 

chondrodysplasia [25,26], however neither of them is a mutation hotspot in AML. Con-

sidering that the MLL-SEPT6 fusion gene in mouse models did not directly induce 

AML[20], we speculated that the occurrence of MLL-SEPT6 fusion gene-associated leu-

kemia requires the involvement of other second-hit mutational events. More case reports 

and laboratory data are needed to determine whether the TRAF3 and FGFR3 mutations 

are the second mutation events leading to leukemia. The relationship between the focal 

distribution of leukemia cells and the mutation of TRAF3 gene needs further exploration.  

In summary, the MLL-SEPT6 associated leukemia is a rare leukemia, which can 

occur not only in infants but also in preschool children. Leukemia patients with 

MLL-SEPT6 have a poor response to chemotherapy and unfavourable clinical prognosis. 

Hematopoietic stem cell transplantation may be the best treatment option for these pa-

tients. In this case, although the percentage of blast cells was less than 20% due to the 

focal distribution of leukemia cells, bone marrow examination showed that MLL-SEPT6 

fusion gene was positive, and the typical clinical manifestations of leukemia appeared. 

After the development of the disease, the proportion of myeloblasts eventually increased 

and reached the diagnostic criteria of leukemia, suggesting that clinical manifestations 

and fusion gene positive can be used as major criteria for the diagnosis of MLL-SEPT6 

fusion gene-related leukemia.  
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