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Abstract: Objective: To explore the clinical characteristics and gene mutation of children with JMML, so as to im-
prove the diagnostic level for this disease. Methods: Clinical characteristics, diagnosis and treatment, and gene 
mutation, were observed and explored with the combination of literature review. Results: The clinical manifestations 
included infection, rash, and hematological abnormality. By means of gene analysis, the mutation of NF1 gene was 
found in patient 1: nonsense mutation in its Exon10a, c.1318C > T; P.Arg440x and insertion mutation in Exon13, 
c.2033_2034insC; p.Pro678ProfsX2. In patient 2, two gene mutations of N-RAS were observed, Exon2 missense 
mutation c.35G > T (p.G21V) and Exon3 intron mutation c.112-70C > T. No relationship was noted between the 
effect and prognosis of the children after transplantation and nonchemotherapy, low dose of chemotherapy, and 
strong chemotherapy before transplantation. Conclusion: Clinical and laboratory tests of children with JMML lack 
specificity, and currently, molecular genetic testing is an important diagnostic basis for the disease.
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Introduction

Juvenile myelomonocytic leukemia (JMML) is a 
rare malignant blood system disease among 
children. In the past, due to the lack of knowl-
edge about this disease and the poor effect of 
conventional chemotherapy, the clinical diag-
nosis and treatment of this disease was very 
difficult. In 2008, the World Health Organiza- 
tion classified this disease into myelodysplas- 
tic syndrome (MDS) or myeloproliferative neo-
plasms (MPN). [1] Clinical manifestations of 
patients with JMML include infection, anemia, 
thrombocytopenia, infiltrated skin and mucosa, 
lymphadenovarix in spleen and lymph, imma-
ture cells in the peripheral blood, obviously 
active hyperplasia of marrow cells in the bone 
marrow cytological examination, and primitive 
cells < 20%. [2] In recent years, with the de- 
velopment of studies on the pathogenesis of 
JMML at home and abroad, especially for de- 
tecting the disease-related genes, a majority  
of children are able to be diagnosed, but the 
only relatively available way to cure this dise- 
ase is the allogeneic hematopoietic stem cell 

transplantation [2]. The gene tests of two chil-
dren with JMML admitted to the Ruijin Hospi- 
tal Affiliated to Shanghai Jiao Tong University 
School of Medicine from 2014 to 2015 were 
reported in this study, and were reviewed with 
the combination of latest relevant literature,  
to improve pediatricians’ diagnosis level and 
treatment level towards this disease.

Materials and methods

Clinical data

Two children were admitted to the Ruijin Hos- 
pital Affiliated to Shanghai Jiao Tong Univer- 
sity School of Medicine from January 2014  
to January 2015, and both were male.

Methods

Through retrospective analysis, relevant ana- 
lysis was conducted on general clinical data 
and laboratory examination of the two children 
with JMML, such as routine blood test, fetal 
hemoglobin (HbF) and bone marrow examina-
tion, and molecular gene detection. The diag-
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Hospital for specific diagnosis. Physical exami-
nation showed mild anemia, systematic café au 
lait macules, many enlarged lymph nodes of 
3~4 cm on the neck and under maxillary, swell-
ing of degree III in bilateral tonsils, at 5 cm 
above the left midclavicular line of the liver and 
under libs, 5 cm above the right midclavicular 
line of the spleen and under libs, a 0.5-cm red 
swelling ecchymosis was palpated with the 
right foot thumb. B-ultrasound of abdominal 
and superficial lymph nodes showed lymphad-
enovarix in retroperitoneum and bilateral neck, 
clavicle, axillary fossa, groin, and other sites. 
Computed tomography (CT) showed invaded 
tumors in the posterior wall of the nasopharynx 
top and tonsil, and systemic multiple lymphad-
enovarix. Routine blood test checked in the 
Ruijin Hospital showed WBCs of 13.22 × 109/L, 
neutrophils of 4.57 × 109/L, lymphocytes of 
5.22 × 109/L, monocytes of 2.34 × 109/L, 
RBCs of 2.92 × 1012/L, hemoglobin content of 
90 g/L, blood platelets of 126 × 109/L, and 

nostic criteria of JMML were conducted in 
accordance with the new diagnostic criteria [1].

Results

Patient 1, male, at the age of 3 years 9  
months, was admitted to a hospital because  
of “recurrent mass in lower extremities for 4 
months”. The routine blood test showed white 
blood cells (WBCs) of 17.67 × 109/L, neutro-
phils of 8.04 × 109/L, lymphocytes of 3.22 × 
109/L, monocytes of 5.64 × 109/L, red blood 
cells (RBC) of 2.55 × 1012/L, hemoglobin con-
tent of 86 g/L, and blood platelets of 126 × 
109/L. B-ultrasound showed mild swollen spl- 
een. Bone marrow smears showed hyperac- 
tive hyperplasia of nucleated cells, primitive 
cells accounting for 4.5%, primitive immature 
monocytes accounting for 11.5%, and mature 
monocytes accounting for 12%. Thus, the pa- 
tient was diagnosed with MDS/myeloprolifera-
tive tumor-JMML. Then, he came to the Ruijin 

Figure 1. Gene sequence diagram of patient 1.
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HbF of 10.0%. The examination of bone marrow 
smears showed obviously active hyperplasia  
of the bone marrow, primitive cells accounting 
for 4.5%, and increased mature monocytes. Pri- 
mitive cells accounting for 3% was found in  
the attached peripheral blood smears during 
the bone marrow examination. The patient  
was diagnosed with probable JMML. Philade- 
lphia (Ph) chromosome in bone marrow cells 
was negative; fluorescence in situ hybridization 
(FISH) detection of bone marrow cells showed 
no chromosome 7 or deletion of the long arm of 
chromosome 7, and no abnormality in the count 
of chromosome 8; and the BCR-ABL (p210) 
fusion gene in the bone marrow was negative. 

The analysis of JMML-related genes in the 
peripheral blood revealed the mutation of  
type I neurofibromatosis (NF1) gene. The mani-
festations included nonsense mutation in the 
NF1 gene Exon10a c.1318C > T; P.Arg440x 
(heterozygous) causing an early termination of  
the encoding protein, and insertion mutation  
in the NF1 gene Exon13 c.2033-2024insC; 
p.Pro678ProfsX2 (heterozygous) causing an  
early termination of the encoded protein (see 
Figures 1, 4A and 4B).

Patient 2 was a male, who got fever and cough 
at the age of 2 years 5 months. Routine blood 
test in the local hospital showed WBCs of 45.29 

Figure 2. Gene sequence diagram of patient 2.
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× 109/L, neutrophils of 20.67 × 109/L, lympho-
cytes of 5.39 × 109/L, monocytes of 5.64 × 
109/L, RBCs of 2.55 × 1012/L, hemoglobin con-
tent of 86 g/L, and blood platelets of 126 × 
109/L. The examination of bone marrow cells 
suggested the presence of acute myelomono-
cytic leukemia (AML-M4) myelogram. Then the 
patient came to the Ruijin Hospital for further 
treatment. Physical examination showed bilat-
eral cervical lymphadenovarix (1~2 cm) and an 
HbF of 4.7%. Bone marrow smears showed 
active hyperplasia; the smears showed 15% 
primitive cells and juvenile single cells; primi-
tive cells of the peripheral blood on peripheral 
blood smears accounted for 1%. The patient 
was diagnosed with probable myelogram of 
JMML and AML tendency; Ph chromosome in 
bone marrow cells was negative; the FISH 
detection of bone marrow cells showed no 
chromosome 7 or the deletion of the long arm 
of chromosome 7, and no abnormality in the 
number of chromosome 8; and the BCR-ABL 
(p210) fusion gene in the peripheral blood 
showed negative. The analysis of JMML-related 
genes in the peripheral blood revealed two 
mutations in N-RAS and one mutation in CBL, 
in which N-RAS (Exon2) showed missense 
mutation with low content c.35G > T (p.G21V), 
and by literature research, it was consider- 
ed that it might be pathologically significant  
for JMML; [3] N-RAS (Exon3) showed an in- 
tron mutation c.112-70C > T. CBL was an intron 
mutation around Exon7 c.1095+19G > T muta-
tion. By literature research, the two mutations 
were considered as sites of a single-nucleo- 
tide polymorphism of JMML-related genes [4] 
(Figure 2). N-RAS (Exon2) was further confirm- 
ed with a low content of missense mutations  
by reverse sequencing (Figures 3, 4C and 4D).

Discussion

JMML is a chronic myeloid leukemia, which 
rarely occurs in early childhood, and accounts 
for 1% to 2% of childhood leukemia. It often 
occurs in children, and the onset ratio of males 
to females is about 1.4~2.5:1 [5]. The onset 
age of the two children with JMML in this  
study was, respectively, 3 years 9 months and 
2 years 5 months, and both were male, which  
is substantially the same as the onset rules  
of this disease. The commonest clinical mani-
festations of patients with JMML include rash, 
anemia, hemorrhagia, infection, etc. Lympha- 
denovarix in liver and spleen can be found in 
physical examination, and cafe au lait macule 
can be seen in a small number of patients [5]. 
The clinical significance of the bone marrow 
test in the laboratory might not be as great  
as that of the peripheral blood. Peripheral he- 
mogram of patients with JMML often shows 
increased WBCs, mainly granulocytes and mo- 
nocytes, especially for monocyte count ge- 
nerally about > l × 109/L; anemia; thrombocy- 
topenia, and immature cells might be asso- 
ciated with; and HbF often rises. The examina-
tion of bone marrow cells reveals primitive cells 
of the bone marrow < 20%, Ph chromosome 
negative, and BCR-ABL fusion gene negative. 
Due to the lack of specific manifestations in  
the bone marrow examination of this disease, 
diagnosis for JMML was more difficult than that 
for other leukemia in the past and it often 
required the patient’s clinical manifestations, 
examination of bone marrow cells, peripheral 
hemogram examination, HbF determination, Ph 
chromosome (-), BCR-ABL fusion gene (-), and 
other results for reference to make a com- 
prehensive judgment.

The diagnostic criteria suggested by the 2008 
International JMML Working Group are as fol-
lows: (1) Clinical manifestations shall include 
hepatosplenomegaly, lymphadenovarix, pallor, 
fever, and rash. (2) Laboratory tests shall meet 
all of the following three: namely, Ph chromo-
some negative, BCR-ABL gene negative, periph-
eral blood monocytes > 1.0 × 109/L, and bone 
marrow immature cells < 20%. (3) The diagnos-
tic criteria shall meet at least two of the fo- 
llowing: namely, (a) increased HbF; (b) myeloid 
immature cells in peripheral blood smears; (c) 
WBC > 10.0 × 109/L; (d) abnormal clone (includ-
ing chromosome monomer 7); and (e) hyper-

Figure 3. Reverse gene sequence diagram of patient 
2.
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sensitivity of myeloid progenitors cultured in 
vitro toward granulocyte-macrophage colony-
stimulating factor [1].

In recent years, studies on the molecular pa- 
thogenesis of JMML have made great pro- 
gress at home and abroad, and gene muta-
tions of K-RAS, N-RAS, CBL, PTPN11, NF1, and 
SETBP1 have been found in about 80% of chil-
dren with JMML. [6] These gene mutations  
play an important role in the pathogenesis of 
JMML. In the same way, these abnormal genes 
are present in children with JMML, and they 
play an important role in the diagnosis of the 
disease. The molecular pathogenesis of JMML 
is common in the following situations: (1) Self-
mutation of RAS gene: The point mutations of 
RAS gene occurs in about 30% of human 
tumors, and the commonest one is point muta-
tion of K-RAS (about 85%). RAS proteins of 
these point mutations lose guanosine triphos-
phate (GTP) enzyme activity and prevent the 

active form of RAS protein from being hydro-
lyzed by a GTPase-activating protein (GAP); 
therefore, it can exist in the form of active com-
bination. Another finding is that mutations of 
N-RAS gene and K-RAS gene (ratio between 
15% and 30%) lead to an abnormal activation 
of the RAS pathway, which results in myeloid 
cells’ hypersensitivity toward granulocyte colo-
ny-stimulating factor, thus causing tumors. [7] 
In patient 2, two gene mutations of N-RAS were 
observed, namely, Exon2 missense mutation 
c.35G > T (p.G21V) and Exon3 intron mutation 
c.112-70C > T. (2) The deletion of GAP: The 
most typical one is the deletion of neurofibro-
min encoded by the NF1 gene. The encoding 
product of the NF1 gene, neurofibromin, has 
GAP activity. But the NF1 gene is a tumor sup-
pressor, and its encoding product can in- 
activate the RAS protein. The mutation of NF1 
gene occurs in 11% of patients, resulting in  
the deletion of its function. This leads to the 
abnormal sustained activation of RAS protein, 

Figure 4. A. Primitive cells were found in peripheral blood of patient 1; B. Primitive cells, juvenile single cells and 
monocytes were found in bone marrow smears; C. Primitive cells were found in peripheral blood of patient 2; D. 
Primitive cells and juvenile single cells were found in bone marrow smears.
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which releases the inhibitory function of the 
RAS pathway, leading to the its sustained acti-
vation; thus malignant tumors appear [8]. The 
mutation of NF1 gene was found in patient 1: 
Nonsense mutation in its Exon10a c.1318C > 
T; P.Arg440x and insertion mutation in Exon13 
c.2033_2034insC; p.Pro678ProfsX2. (3) Muta- 
tions of other RAS downstream effectors: The 
phosphoinositide 3-kinase (PI3K) pathway in 
the downstream of the RAS pathway is activat-
ed for the amplification of the PI3K’s down-
stream target Akt2, which mainly results from 
the deletion of the tumor suppressor gene 
PTEN. PTEN (phosphatase and tensin homolog 
deleted on chromosome 10) is a kind of tumor 
suppressor gene. It resists the function of PI3K 
by the dephosphorylation of phosphatidylinosi-
tol 3,4,5 trisphosphate to inhibit the function of 
Akt. The latter plays a positive role on the prolif-
eration, differentiation, and apoptosis of cells. 
Its inhibition function is released in the case of 
gene mutation, which leads to the continued 
activation of the RAS pathway; therefore, malig-
nant tumors appear [6].

In addition to the above changes of the RAS 
pathway, CBL, SETBP1, and other genes may 
also be associated with the onset of JMML. The 
two children in the Ruijin Hospital also showed 
CBL mutation.

The clinical changes of JMML are diverse. Some 
children with acute progressive changes pro- 
gress to leukemia or tumor cell invasion in ex- 
tramedullary vital organs. For example, the in- 
vasion in lung causes respiratory failure. There- 
fore, death resulting from tumor cell invasion  
in extramedullary vital organs is usually seen  
in JMML patients. The progress of illness in 
some children is pretty slow, even in a stable 
status at a certain stage, and a small part  
of them can ease naturally [6].

Currently, due to the lack of standardized  
treatment for JMML and the poor efficacy of 
chemotherapy on this disease, a big difficulty  
is faced in the treatment, and the only effec- 
tive treatment method is the allogeneic he- 
matopoietic stem cell transplantation. There- 
fore, children with no clinical symptoms cannot 
be treated before finding a suitable donor. The 
study also showed that no obvious relation- 
ship was noted between the effect and pro- 
gnosis of children after transplantation and 
nonchemotherapy, low dose of chemotherapy, 

and strong chemotherapy before transplanta-
tion [9]. At present, it is recommended that 
once JMML is diagnosed, the allogeneic he- 
matopoietic stem cell transplantation should 
be performed timely when the suitable donor  
is found. The transplatation lets more than 
50% of children have over 3 years of disease-
free survival, [10] but if not transplanted, more 
than 80% of the children will die within 3 years. 
Related factors suggesting poor prognosis in- 
clude age at diagnosis over 2 years old, blood 
platelet count less than 40 × 109/L, higher  
HbF, etc. In recent years, with the develop- 
ment of gene-targeted therapy, the treatment 
of JMML has made a new progress. The new 
targeted therapy for the RAS signal path is 
expected to improve the prognosis of some 
children with JMML.
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