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1. Abstract
Myeloid neoplasm with eosinophilia is a kind of unusual hema-
tological malignancy. Back in the morphological diagnosis era, 
the prognosis was generally poor and the best treatment for these 
cases was allo-stem cell transplantation. According to the classifi-
cation of eosinophilic diseases revised in the 2008 WHO scheme 
of myeloid neoplasms and reaffirmed in 2016, more detailed cy-
togenetic rearrangement and molecular mutations were included 
in the diagnosis and treatment algorithm. Here we report a case 
with a rare rearrangement of PDGFRB, further demonstrated with 
a TPM3-PDGFRB fusion gene, leading to myeloid neoplasm with 
eosinophilia and responding greatly to imatinib treatment. As the 
N-terminal of TPM3 could be auto-dimerized, the TPM3-PDG-
FRB fusion protein appeared as dimer, mediating the excessive 
activation of the PDGFRB signal pathway. Since given genetic 
disorders were targetable with tyrosine kinase inhibitors, despite 
of the low mutated rate, the early and precise detection of the pos-
sible genetic abnormality is extremely significant in the diagnosis 
and treatment of patients.

2. Introduction
Eosinophilia was seen in multiple occasions. It is defined as the ab-
solute eosinophils counts was more than 500/mm3 in the peripheral 
blood. Based on the upregulated reason, the eosinophilia could be 
assigned into three groups, which are reactive, clonal (primary) 
and idiopathic eosinophilia. For the reactive eosinophilia, in which 
condition the eosinophils appear with normal morphology and are 

multiclonal, is usually a reactive response to infections like tis-
sue-invasive parasites or allergic conditions [1]. 

Regarding to the clonal eosinophilia, it belongs to myeloid neo-
plasm according to the revised 2016 WHO classification of my-
eloid neoplasm. Based on the existence of specific molecular mu-
tation, Myeloid/lymphoid neoplasms associated with eosinophilia 
and rearrangement of PDGFRA, PDGFRB, or FGFR1, or with 
PCM1-JAK2, Chronic eosinophilic leukemia, not otherwise spec-
ified [2]. Previously, this neoplasm was cited as an aggressive dis-
ease with a median overall survival of less than 2 years. However, 
after the universal initiation of imatinib as standard therapy, a re-
cent study reported 10-year overall survival of 90% [3]. As certain 
molecular abnormalities were closely related to targeted therapy, 
the early and precise diagnosis was urgent to be made. 

3. Case Presentation
A 21-year-old young man with abdominal pain for a month, ac-
companied with fever and ostalgia. On examination, he had mas-
sive splenomegaly. He has no family history of hematologic disor-
ders. His laboratory tests including complete blood count (CBC) 
showed hemoglobin of 103g/L, a platelet count of 77*109/L, and a 
leukocyte count of 68.25*109/L with segmented neutrocyte 44%, 
lymphocyte 8%, monocyte 5%, eosinophilic granulocyte 38%, ear-
ly young grain 2%, neutral medium grain 2%, neutral late young 
grain 1%. Additional workup showed elevated iron stores (Ferritin 
433.2ng/ml）, markedly increased vitamin B12 level (>1500 pg/
mL). Abdominal imaging confirmed massive splenomegaly. PET/
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CT examination showed a massive elevated metabolism rate in 
bone and mild increased metabolism in spleen, enlarged superfi-
cial lymph node in neck and groin. On bone marrow examina-
tion, it revealed a hypercellular marrow with increased eosinophils 
(26%). Cytoflow test showed 35% of eosinophils and no abnormal 
plasma cells. Bone marrow examination showed hyperplastic mar-
row, increased proportion of granulocytes, apparent visible eosin-
ophils and decreased megakaryocytes. Conventional cytogenetics 

demonstrated a t (1;5) (q21; q32) (Figure 1A) in 10 metaphases 
out of 11 and fluorescence in situ hybridization (FISH) confirmed 
a PDGFRB rearrangement (Figure 1B). FISH was negative for 
FGFR1 8P11, and FIP1L1-CHIC2-PDGFRA 4q12 rearrange-
ments. BCR-ABL (P190, P230, P210), ETV6-PDGFRβ, PCM/
JAK2, W515L, JAK2V617F, FIP1L1/PDGFRα, JAK2EXON12, 
CALREXON9 mutation analysis performed by qualitative, al-
lele-specific polymerase chain reaction (PCR) assay was negative. 

Figure 1: Identification of the chromosome alteration

After ruling out the reactive causes of eosinophilia, the patient 
would be diagnosed as myeloid neoplasms associated with other 
rearrangement of PDGFRB according to the Revised 2016 World 
Health Organization Classification of Eosinophilic Disorders. And 
as diagnosis, the patient was treated with Hydrea and Imatinib. 
One-month Follow-up, all the symptoms have been alleviated. 
The CBC examination showed hemoglobin of 116g/L, a platelet 
count of 82*109/L, and a leukocyte count of 8.57*109/L with 0.1% 
of eosinophilic granulocyte. The B ultra-sound show a dramatic 
decrease of spleen size (58mm*166mm*16mm). Four-month fol-
low-up visit, the patient had no symptoms and the examination 
showed a normal blood cell count.

While, interestingly in this case the rearrangement of PDGFRB 
gene is rarely seen in adult myeloid neoplasm with eosinophilia. 
Especially in this patient, t (1,5) (q21, q32), was formerly reported 
in only one CEL case with PDGFRB rearrangement, together with 
several hematological disorders [4]. As has been reported before, 
this chromosome translocation could result in one new fusion pro-
tein, TPM3-PDGFRB. Afterwards, we detect the fusion gene by 
PCR and sequencing. Interestingly, the fusion gene and the break-
point was exactly the same as reported. The N-terminal of TPM3 
possessed a dimerization domain, which could lead to the ligand 
independent activation of PDGFRB via fusing to PDGFRB gene 

(Figure 2C). We also further confirmed the fusion gene of t(1,5)
(q21,q32) according to the literature, as the identical translocation 
site. And as a consequence, the Polymerase Chain Reaction (PCR) 
amplification and sanger squencing results confirmed the fusion 
gene was TPM3-PDGFRB (Figure 2A, B)， indicating that the 
specific translocation could be a recurrent genetic event [4].

4. Discussion
Myeloid/lymphoid neoplasms associated with eosinophilia and 
rearrangement of PDGFRA, PDGFRB, or FGFR1, or with PCM1-
JAK2 were defined as subtypes of myeloid neoplasm according to 
the Revised 2016 World Health Organization (WHO) classification 
of myeloid neoplasms [5]. The clonal hyperplasia of eosinophilic 
granulocytes was the typical manifestation of this disease and the 
cause of multiple organ damages, which include skin, respiratory 
system, gastrointestinal, cardiac symptoms causing by eosinophil 
infiltration and release of granular content [6, 7]. Although the dif-
ference of the translocation of chromosomes, the consequences of 
PDGFRA/B translocations were nearly the same [8]. In the fusion 
oncogene, the partner gene always replaces the 5’ end of PDGFRA 
/B. As a consequence, the expression of the oncogenic fusion prod-
uct is controlled by the gene promoter of the partner gene [9]. So 
far, more than 32 and 8 genes were reported existing translocation 
with PDGFRB and PDGFRA, respectively [10]. 
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(A) R-banding karyotypic analysis of the diagnostic BM of the patient revealed the t(1,5)(q21;q33) (B)FISH identifies the breakpoints in chromosomes 
5. the red/green signal showed the normal PDGFRB gene with the probes designed between 5q32-q33. The separate color of 5’ PDGFRB(green) and 
3’ PDGFRB (red) showed a break of the PDGFRB gene location.



Figure 2: PCR verification and sequence of the TPM3-PDGFRB fusion gene

Referring to PDGFRB, more than 30 partners had been reported to 
generate fusion genes producing an activated tyrosine kinase that 
transforms hematopoietic cells due to constitutive activation [10]. 
PDGFR contained two receptors, which were PDGFRα and PDG-
FR β, belonging to receptor tyrosine kinase. Physically it was ac-
tivated by its ligand PDGF, and indirectly activated by dopamine, 
angiotensin II etc. through G-protein coupled receptor. Function 
study with PDGFRB knockout mice model detected severe defi-
cient in vascular smooth muscle cells and the mice died soon af-
ter birth [11]. When genetic events happened, like the mutation or 
translocation, the dimer was locked to its activated form，regulat-
ing downstream SH2-domain-containing effectors. Thus, several 
signaling pathway, like PI3K-Akt pathway and MAPK pathway 
were upregulated and resulted in neoplastic proliferation [9, 12].

Although myeloid neoplasm with eosinophilia and rearrangement 
of PDGFRB was a single entity in the new WHO classification, 
PDGFRB alterations were rarely reported in hematological ma-
lignancies. In a study of 556 patients with myeloproliferative 
neoplasms, the incidence of PDGFRB rearrangement was 1.8% 
[13]. Also, in a single center study, the incidence of PDGFRB re-
arrangement in hyper eosinophilia patients was 9% (2/25) [14]. 
As been reported, the response rate of MPN with eosinophilia and 
PDGFRB rearrangement was more than 95% [3]. Thus, it was ur-
gent to genetically diagnose the disease precisely.

TPM3 was an actin associating protein, participating in cell inva-
sion and migration [15]. And also the mutated protein involved in 
clinical manifestation like muscle stiffness, which might also have 
related to the abnormally active interaction of the actin and myosin 

complex [16]. The recent study also revealed that TPM3.1 could 
be necessary for the structural and functional maintenance of the 
axon initial segment [17]. The translocation of TPM3-ALK was 
also investigated in inflammatory myofibroblastic tumor, a mes-
enchymal tumor. The mechanism study demonstrated the coiled-
coil structure of TPM3 contributed to the transforming ability of 
the TPM3-ALK fusion protein, and longer TPM3 region leads to 
higher dimer formation [18]. The TPM3 related hematological 
malignancy was also report before once in a chronic eosinophilic 
leukemia (CEL) patient [4].

In this case, we also verify the translocation pattern consist with 
which was reported once before in a patient with chronic eosin-
ophilic leukemia [4]. While the translocations with TPM3 were 
quite rare in hematological diseases and the pathogenesis was usu-
ally closely related to its partner genes, the observation accumu-
lation of the cases was needed to reveal the function of TPM3 in 
the disease.

5. Conclusion
Here we reported a case of myeloid neoplasm associated with eo-
sinophilia and rearrangement of PDGFRB, of which we detected 
a rare translocation of t(1,5) (q21,q32) and a TPM3-PDGFRB fu-
sion gene. The patient was clearly diagnosed and treated with Ima-
tinib. The 1 year follow-up of the patient was normal with all the 
parameters. Since this kind of translocation is rare and sensitive to 
the tyrosine kinase inhibitor treatment, the early and precise diag-
nosis is necessary. As this could be the third reported case of the 
TPM3-PDGFRB translocation, more data should be accumulated 
to further reveal the pathogenesis of the fusion gene.
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(A) The amplification was performed with primers TPM3_425F (AGGTGGCTCGTAAGTTGGTG) and PDGFRB_2369R (TAGATGG-
GTCCTCCTTTGGTG). The lanes showed the two fused gene product. (T-P, TPM3/PDGFRB, P-T, PDGFRB/TPM3) (B) the sequence of the cloned 
TPM3/PDGFRB (T-P) fusion. The dash line showed the breakpoint. (C)the function model of TPM3-PDGFRB fusion protein.
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