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Abstract
[bookmark: OLE_LINK17][bookmark: OLE_LINK16]We previously reported a serendipitous finding from a patient with refractory severe aplastic anemia who had gotten an unexpected hematological response to treatment with gut-cleansing preparations (GCPs). This patient experienced three recurrences over the ensuing one year of intermittent GCP treatments, with each recurrence occurring 7-8 wk from a GCP. After his third recurrence, he was prescribed successive treatment with rifampicin, berberine, and monthly administered GCP for 4 mo, and he developed an erythroid proliferative neoplasma and an overwhelming enteropathy, and eventually died of septic shock. Laboratory investigations had validated the resolution of myelosuppression and the appearance of malignant clonal hematopoiesis. From the treatment process and laboratory investigations, it is reasonably inferred that the engagement of gut inflammation is critically required in sustaining the overall pathophysiology of acquired aplastic anemia probably by creating a chronic inflammatory state. Incorporation of rifampicin, berberine, and monthly GCP into cyclosporine can enhance the immunosuppressive effect. In a subgroup of acquired aplastic anemia patients whose pathogenesis is associated with genotoxic exposure, the suppressed normal hematopoiesis may result from the bystander insult that is mediated by the soluble inflammatory cytokines generated in response to the immunogenic products of damaged hematopoietic cells in the context of chronic inflammatory state and may offer a protective antineoplastic mechanism against malignant proliferation.
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[bookmark: OLE_LINK8][bookmark: OLE_LINK7][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Core Tip: We previously reported a severe aplastic anemia patient who had gotten an unexpected hematological response to treatment with intermittent gut-cleansing preparations. After his third recurrence, he was prescribed successive treatment with rifampicin, berberine, and monthly administered gut-cleansing preparations for 4 mo, and he developed an erythroid proliferative neoplasma and an overwhelming enteropathy. We hereby make an extrapolation that, in a subgroup of aplastic anemia patients, the suppressed normal hematopoiesis may result from the bystander insult that is generated in response to the antigenic products of damaged hematopoietic cells, and may offer a protective antineoplastic mechanism against malignant proliferation.

TO THE EDITOR
[bookmark: OLE_LINK19][bookmark: OLE_LINK18]Acquired aplastic anemia (AAA) has been generally accepted as the paradigm of immune-mediated bone marrow failure syndrome, in which the antigen-driven and abnormally activated cellular immune responses trigger the destructive attack on hematopoietic stem and progenitor cells (HSPCs) in genetically susceptible individuals. An inappropriately enhanced inhibitory and pro-apoptotic capacity of these deranged immune reactions to HSPCs from highly sensitized “autoreactive” cytotoxic T lymphocytes (CTLs) by targeting against yet unidentified antigens is responsible for the overall pathophysiology. The significantly increased intramedullary death of HSPCs results in markedly hypocellular bone marrow (BM) and varying degrees of periphery pancytopenia[1-3]. Overproduction of soluble proinflammatory mediators by phenotypically and functionally skewed CTLs, mainly through expressing and secreting high levels of interferon-γ (IFN-γ) and tumor necrosis factor -α (TNF-α), with an IFN-γ predominance, is the distinctive immunological feature. It is the inflammatory cytokines that upregulate the expression of pattern recognition receptors, antigen-presenting and apoptosis-associated molecules on hematopoietic precursors, and exert the direct detrimental effect on normal hematopoiesis in a manner resembling bystander effect[4-6]. A large number of infectious and genotoxic agents have been implicated as the culprit in this chronic inflammatory process[1,2]. However, little is known about what the immunogenic substances are and where the driving force comes to sustain the high responsiveness of these CTLs. Given the vast diversity of implicated offending agents that have been reported to be associated with AAA pathogenesis, the protean presentation in disease severity and comorbidities, the variable therapeutic responses to immunosuppressive therapies (ISTs), the differential prognosis with regard to disease persistence and progression[1-3], and the great complexity of possible mechanisms that are involved in driving autoimmune diseases[7-9], AAA may be a heterogenous entity, and the bone marrow suppression (BMS) in AAA is most likely to be a consequence of different priming and sustaining mechanisms in different risk genetic backgrounds in response to different hostile environmental challenges converging upon, irrespective of varying degrees of myelosuppression, the same phenotypically immunological destructive effect on HSPCs. Recently, much like in other autoimmune diseases[10], the driving force behind the initiation, development, chronicity, and progression of AAA pathophysiology has been proposed to come from the altered composition of gut microbiota and the compromised integrity of the intestinal barrier[11-13]. On the other hand, the overlapping spectrum in clinical and morphological features, immunological profile, genetic abnormalities, and therapeutic responses to ISTs between AAA and hypoplastic myelodysplastic syndrome (hMDS, probably also encompassing a subgroup of low risk MDS)[14-19], as well as the occurrence of malignant clonal hematopoiesis (MCH) in approximately 10%-15% of AAA patients who had accepted successful ISTs[20] strongly indicates that, at least in a subgroup of AAA patients, the seemingly pathogenic BMS may directly target against the neo-antigens on genetically damaged hematopoietic precursors and may offer a possible protective role: Antineoplastic mechanism against malignant proliferation[21,22]. The emergence of MCH in a patient with refractory severe aplastic anemia (RSAA) following the resolution of BMS by treatment of his gut inflammatory disease with GCP provides indirect but forceful information in support of this extrapolation.
We previously reported a serendipitous finding from a 30-year-old RSAA man who had gotten an unexpected hematological response to treatment of gut inflammatory condition (GIC)[23]. Having a 23-year history of AAA and two relapses, this patient, with relapses and with age, gradually lost the therapeutic response to cyclosporine (CsA), stanozolol, rhG-CSF (recombinant human granulocyte colony-stimulating factor), and eltrombopag treatment, which worsened and accelerated the impairment of already severely reduced hematopoietic capacity. The particularly noteworthy event was the dimethylbenzene exposure due to his house being decorated 8 mo before the disease onset. From March to June 2018, he experienced a 3-mo-long episode of agnogenic febrile disease, and intensive treatment with many kinds of intravenously delivered broad-spectrum antibiotics failed to settle the inflammatory episode. When presenting with abdominal cramps, he accepted orally administered mannitol and gentamycin treatment. This GCP treatment not only resulted in a quick settlement of his fever but also produced an unexpectedly good hematological response. He underwent three recurrences over the ensuing one year of intermittent GCP treatments, with each recurrence occurring 7-8 wk from a GCP. However, subsequent GCP treatment was capable of inducing subsequent remission, and consecutive GCP treatments successfully yielded prolonged hematological improvement, confirming the definitive contribution of GIC to AAA pathophysiology.
Given the eubiotic properties of rifamycin and berberine[24,25], this patient was prescribed successive administration of rifampicin (450 mg, once per day) and berberine (0.3 g, thrice per day) with monthly administered GCP (1500 mL polyethylene glycol electrolyte solution per day for 2 d) after his third recurrence. Other employed drugs included lactulose oral solution (45-50 mL per day), inulin (15-20 g per day), and probiotics consisting of Lactobacillus acidophilus, Clostridium butyricum, Bifidobacterium, Bacillus coagulans, and Enterococcus. Regularly used drugs (including CsA 125 mg, twice per day; stanozolol 2 mg, thrice per day; eltrombopag 25 mg, once per day; and rhG-CSF 100 µg, twice per day) went on to be delivered at the same dose as before. With the achievement of a rapid increase in white blood cell count (WBC), rhG-CSF was tapered off. These treatments had arrived successfully at a steady hematological improvement, with normal levels of WBC, hemoglobulin (Hb), and platelet count (Plt).
Unfortunately, a steep drop in WBC, Hb, and Plt occurred 4 mo later. On admission, his major complaints were “rapidly aggravated dizziness, fatigue, pallor, and anxiety for 1 wk, and abdominal distension and cramps for 3 d”, in the absence of fever, chills, cough, and expectoration. Upon physical examination, major signs were bruise-looking appearance and abdominal tenderness. Routine blood tests showed the following: WBC, 2600/µL; absolute neutrophil count, 980/µL; red blood cell count, 2560000/µL; Hb, 5.9 g/dL; Plt, 7000/µL; absolute reticulocyte count, 137600/µL; and C-reactive protein, 62.42 mg/L. Examination of the coagulation profile was within normal limits, with a D-dimer of 0.69 mg/L. Biochemical tests showed  elevated serum levels of uric acid, urea nitrogen, glucose, potassium, and β2-microglobulin, and reduced serum levels of globulin, sodium, and calcium (Table 1). A reduced serum level of complement component-3 was detected. Computerized tomography examination of the abdomen revealed hepatosplenomegaly (Figure 1A and B) as well as an adynamic ileus and the thickened walls of terminal ileum, ascending, and sigmoid colon (Figure 1C and D). Morphological evaluation of the BM showed a strikingly increased percentage of nucleated erythrocytes that account for 80.5% (with some of them displaying the dysplastic features) of the total nucleated cells, with a markedly reduced percentage of myeloid precursors and lymphocytes (Table 1 and Figure 2A and B). A substantial percentage of nucleated erythrocytes were presented on peripheral blood smears, in the presence of marked morphological abnormalities of anisocytosis, acanthrocytes, and schistocytes in mature erythrocytes (Table 1 and Figure 2C and D). Flow cytometric analysis for the BM revealed a pronounced increase in the percentage of CD45- cells and CD71+ cells as well as a relatively increased percentage of CD8+ cells and CD33+ cells, and a markedly decreased percentage of CD4+ cells and CD19+ cells, without an increase in CD34+ cells and CD117+ cells, indicating an erythroid commitment and CD8+ cytotoxic T cell predominance (Table 1 and Supplementary Figure 1). CD55 and CD59 expression was within the normal levels. Cytogenetic analysis by culturing the BM sample reported a karyotype of 45,XY,-7[10], confirming the presence of clonal hematopoiesis. Gene mutations in KRAS, RUNX1, PTPN11, and SETBP1 were identified. These above-mentioned data met the criteria for diagnosis of an erythroid proliferative neoplasma with dysplastic features, but it cannot be categorized precisely into any kind of World Health Organization classification of myeloid neoplasms and acute leukemia[26]. A reduced ratio of CD4+/CD8+ cells confirmed the CD8+ CTL-predominated immune responses in excellent concordance with the characteristic immunological profile in AAA[1,2] and other cellular immune-mediated autoimmune diseases, while an increased percentage of CD3+CD5+ cells reinforced the autoimmune nature. An enhanced ratio of CD33+/CD19+ cells and increased percentages of CD14+ cells and CD3-CD56+ cells reflected a bias of the homeostatic hematopoiesis towards innate immune responses against ongoing infections[27,28]. The patient exhibited strong resistance to intravenous antibiotic and glucocorticosteroid treatments, developed an overwhelming enteropathy and systemic inflammatory response syndrome with rapid progression to multiorgan dysfunction, and eventually died of septic shock. Germicultures of the blood reported a positive result for Candida albicans and negative results for aerobic and anaerobic bacteria in the lag period.
From the treatment process and laboratory investigations of this reported case, it is reasonably inferred that: (1) Engagement of GIC is critically required in the sustenance of overall pathophysiology in AAA; (2) incorporation of rifampicin, berberine, and monthly GCP treatments into CsA can enhance the sensitivity of immunosuppressive agents; and (3) in a subgroup of AAA patients, the suppressed normal hematopoiesis may result from the bystander insult that is mediated by the soluble inflammatory cytokines generated in response to the immunogenic products of damaged HSPCs in the context of chronic inflammatory condition and may offer a protective antineoplastic mechanism against malignant proliferation. The finding that the combination of rifampicin, berberine, and monthly GCP  with CsA was able to produce good hematological responses strongly indicates the definitive contribution of dysbiotic gut microbiota to the maintenance of chronic and progressive bone marrow failure syndrome[11,13,23]. The contribution of gut microbiota to the immune-mediated pathophysiology has also been corroborated in the induction of chronic graft-vs-host disease by transfusion of allogeneic HSPCs into semi-lethally radiated mice[29], a pathogenic process resembling that of AAA and being broadly used as animal models to study AAA pathogenesis[30]. The role of GIC in triggering the onset, development, and progression of autoimmune diseases may act as an intensifier that links the host immunogenetics with environmental challenges to augment the already dysregulated autoimmunity[31] and may promote the establishment of an inflammatory state by innate immune cells sensing pathogen-associated molecular patterns on commensal microbes[32,33], which most likely produces an adjuvant effect to break down the host immune homeostasis and to perpetuate the high responsiveness of specific antigen-primed CTLs[34,35]. It should not be surprising that GICs play such an essential role in the sustenance of AAA pathophysiology because human gastrointestinal tract not only is the largest and most vulnerable interface that links the host psycho-neuro-endocrino-immune system with detrimental environmental factors but also represents the most enriched gut-associated lymphatic tissue and resides the most complex microbial community that play an essential role in the development, education, and maturation of host immune system, and shape the host immune responses to infections and various injuries[36,37]. Impaired intestinal barrier in structure, integrity, and function allows the intestinally derived antigens to penetrate the intestinal epithelium and intrude into the lamina propria, blood, and BM[38], which likely plays pivotal roles in sustaining the unwanted autoimmunity by persistent exposure of host innate and adaptive immune cells to the exogenous antigens from gut commensal microbes. In contrast to several recurrences earlier, successive administration of rifampicin and berberine with monthly GCP  enhanced the immunosuppressive effect of CsA probably due to the reduced gut-derived stimulation that leads to the mitigated adjuvant effect. However, this patient still developed an overwhelming enteropathy in the course of eubiotic treatment, suggesting the appearance of a new dysbiosis in the gut microbial ecology in which the pathogens were resistant to rifamycin and berberine treatment. The absence of respiratory system symptoms and signs indicated that the Candida albicans in blood most likely came from the intestines. The increase in reticulocyte count, the presence of normal cellularity, and the absence of fatty replacement on the BM smears gave the strong evidence to make us to believe with certainty that the previously existing myelosuppressive state had already been resolved, and the Candida infection is not the causative agent in AAA pathogenesis in this patient. The rapidly progressive anemia may result from the increased destruction of red blood cells as evidenced by the presence of anisocytosis, acanthrocytes, and schistocytes in mature erythrocytes, and the decreased platelet count may be caused by the increased consumption of platelet as evidenced by the platelet transfusion refractoriness.
Dimethylbenzene is a well-known genotoxic agent. In addition to AAA, the genotoxicity of dimethylbenzene exposure has been recognized to be closely linked to the pathogenesis of MDS and acute leukemia as well[1,39]. In the present case, dimethylbenzene is the only noticeable history of genotoxic exposure. Although clonal evolution frequently develops due to the selective pressure in the context of severe immunological attack and gradual loss of HSPCs, and may be responsible for the progression and exacerbation of impaired hematopoietic capacity as evidenced by the gradual loss of sensitivity to CsA treatment, it is unconceivable that the gene damages caused by these spontaneous mutations were accumulated so enriched that they are sufficient to induce malignant transformation within only 4 mo, meaning that the oncogenic genes had pre-existed, most probably initiated by the genotoxicity of dimethylbenzene exposure preceding the onset of AAA and precipitated by subsequently spontaneous mutations and selective pressure. Furthermore, the 23-year history of hypocellular and fat-replaced BM, several recurrences in the intermittentence of GCP treatments (indicating the resilience of BMS), and the emergence of MCH that occurred only after the successive administration of rifampicin and berberine with monthly administered GCP, also suggest that the immunogenic antigens on HSPCs had pre-existed for a very long time. Xin et al[40] established an animal model of AAA by using Mx1Cre+TGFβ-activated kinase-1(Tak1)fx/fx (Tak1mut) mice in which the gene encoding Tak1 could be spontaneously mutated in a small subset of hematopoietic cells and the suppressive effect on proliferation and differentiation merely occurred in mutated cells. In this animal model, high levels of IFN-γ and TNF-α were identified, and the characteristic AAA morphology developed with a necroptotic manner of cell death, suggesting that BMS could be caused by the bystander insult that was originated from the genetically damaged hematopoietic cells. Despite the absence of direct evidence in the present case due to the lack of more complex and elegant laboratory investigations, the emergence of MCH following the settlement of myelosuppression raises the intriguing possibility that immunogenic neo-epitopes on genetically damaged hematopoietic cells caused by either genotoxic agents or by spontaneously mutated genes may become the directly targeted antigens of host’s potential immunological surveillance against malignant cells and may thereby induce a proinflammatory niche in the BM[14-18,21-23], one of the consequences of which results in severe hypoplastic BM via the chronic overproduction of proinflammatory mediators superimposed upon non-targeted neighbouring inculpable cells[4-6,40] but yet probably without clear evidence of dysmorphic features. The undetected MCH when he was first referred to our center 7 year earlier may be attributable to the extraordinarily reduced number of hematopoietic cells due to the paucicellular and fat-replaced BM, especially the stealth malignant cells due to the host’s potential immune surveillance that was beyond the capacity of being identified by the conventional laboratory tests. Although clonal evolution could not be completely excluded, it is tempting to speculate that the emergence of MCH is most likely due to the relief of BMS by the synergistic effects of successful treatment of GIC together with the immunosuppressive therapy. When BMS had been relieved, MCH became evident. From this point of view, commensal microbiome in GIC is unlikely to be the original trigger but rather an intensifier via the adjuvant effect by innate immune cells sensing commensal microbes and their metabolites on the background of the presence of antigenic products on targeted cells as the initiating factor and the pre-existence of abnormally activated CTLs in genetically susceptible subjects. If this is true, it could be inferred that the specific immune responses to targeted antigens on HSPCs alone were not sufficient to sustain the chronic inflammatory niche in the BM. It is the chronic inflammatory state generated in response to the constant exposure of host immune cells to the intestinally derived antigens due to the increased permeation of impaired intestinal barrier is critically required for the emergence, development, and progression of AAA. This combined effect of specific immune responses to HSPCs with intestinally derived stimulation appears to be much easier to interpret the preferential insult to HSPCs and the critical requirement of chronic inflammatory conditions. In a similar way, the bystander effect may also play an important role in AAA patients whose pathogenesis is associated with infectious agents (viruses, bacteria, spirochetes, helminths, and so on) that are able to chronically infect and proliferate in hematopoietic cells, immune cells, or the BM environment[41-45].
As discussed above, it could be extrapolated that, at least in a subgroup of AAA patients, the constant expression of immunogenic neoplastic products on hematopoietic precursors is the initiating factor of such autoimmune responses, and the functional inhibition of normal hematopoiesis may be the consequence of bystander insult that arises from the immune surveillance against malignant cells, in the pathogenic process of which overproduced proinflammatory mediators play a direct inhibitory and pro-apoptotic role. The impaired structural and functional integrity of intestinal barrier may reinforce the myelosuppressive process by offering an adjuvant effect to augment the intensity of systemic inflammatory state and maintain the high sensitivity of autoreactive CTLs. This cellular immune-mediated mechanism characterized by IFN-γ-predominated functional inhibition, commonly in a way of apoptosis or necroptosis, of autologous hematopoiesis, also probably playing a fundamental role in the pathogenesis of hMDS and a subgroup of low risk MDS, is completely distinct from the pathogenic mechanisms in classic MDS that is characterized by the hypercellular BM and ineffective hematopoiesis, in which the innate immune responses were directly elicited by pattern recognition receptors sensing damage-associated molecular patterns in the genetically damaged hematopoietic precursors with the features of increased proliferative activity of clonal hematopoiesis, inflammosome formation, cell death in a manner of pyroptosis, TNF-α predominance, and effective lenalidomide treatment[46-48]. The significance of identification of the initiating factors and recognition of the pathogenic mechanism lies in that it would be helpful for doctors to select an optimal therapeutic approach and to improve the treatment outcome, not only targeting immune-mediated mechanisms as the generally accepted first-line ISTs but also taking into account the initiating factors and the sustaining forces. Overall, the extrapolation is only an indirect implication from the treatment process of a RSAA patient, and further investigations are critically needed to look for the direct evidence and to illustrate the precise mechanism.
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Figure Legends
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][image: ]Figure 1 Computerized tomography examination of the abdomen. A and B: Computerized tomography examination of the upper abdomen reported an enlarged liver and an enlarged spleen; C and D: Computerized tomography examination of the intermediate and low abdomen displayed the increased fluids and multiple liquid gas interfaces in the intestinal lumen (marked by red arrows) as well as the thickened walls of terminal ileum, ascending, and sigmoid colon (marked by yellow arrows), in accordance with the diagnosis of an adynamic ileus and colonitis that provides evidence for the presence of gut inflammatory disease.

[image: ]Figure 2 Morphological examination of bone marrow and periphery blood smears. A: Morphological examination of bone marrow (BM) smears under low power lens (10 × 10) showed a normal cellularity, in the absence of fatty replacement; B: Morphological enumeration of BM nucleated cells under high power lens (10 × 100) showed an increased percentage of nucleated erythrocytes in multiple stages (marked by red arrows), with markedly reduced percentages of myeloid precursors and lymphocytes; C: Morphological examination of periphery blood (PB) smears under low power lens (10 × 10) showed an increase in nucleated cells, predominantly nucleated erythrocytes;  D: Morphological enumeration of PB nucleated cells under high power lens (10 × 100) showed the presence of nucleated erythrocytes in multiple stages (marked by red arrows), with marked anisocytosis, acanthrocyte, and schistocyte in mature erythrocytes (marked by yellow arrows). The morphological features of the BM and PB fulfilled the diagnosis of an erythroid proliferative disease and the toxic damage of erythrocytes.

Table 1 Main laboratory results for the investigation of this patient
	Specific results

	Complete blood count

	WBC, 2600/µL; ANC, 980/µL; RBC, 2560000/µL; Hb, 5.9 g/dL; Plt, 7000 /µL; Ret, 137600/µL, CRP, 62.42 mg/L

	Coagulation profile

	APTT, 38.4 s; PT, 12.6 s; TT, 17.7 s; Fig, 2.56 g/L; DD 0.69 mg/L

	Abnormalities in biochemical tests

	Elevated serum levels of: Uric acid, 8.52 mg/dL; Urea nitrogen, 26.04 mg/dL; Glucose, 418.68 mg/dL; Potassium, 23.44 mg/dL; β2-microglobulin, 4.58 mg/L; Reduced serum levels of: Albumin, 33.1g/L; Globulin, 18.1 g/L; Sodium, 3.10 mg/dL; Calcium, 8.24 mg/dL; Carbon dioxide, 19.3 mmol/L

	Complements

	C3, 0.62 g/L; C4, 0.11 g/L

	Germicultures of the blood

	Positive result for Candida albicans; Negative results for aerobic and anaerobic bacteria

	Morphological evaluation of the BM and PB smears

	BM: Promyelocytes, 0.5%; Myelocytes, 1.5%; Metagranulocytes, 2.5%; Stab cells, 3.0%; Segmented granulocytes, 1.5%; Eosinophilic granulocytes, 0.5%; Early erythroblasts, 3.5%; Intermediate erythroblasts, 15.0%; Late erythroblasts, 62.0%; Lymphocytes, 9.5%; Monocytes, 0.5%; PB: Metagranulocytes, 4.0%; Stab cells 18.0%; Segmented granulocytes, 7.0%; Early erythroblasts, 2%; Intermediate erythroblasts, 11%; Late erythroblasts, 49%; Lymphocytes, 9.0%

	Flow cytometric analysis for the BM specimen

	CD45-, 48.30%; CD45-CD71+, 35.68%; CD34, 2.16%; CD117, 6.86%; HLA-DR, 16.74%; CD34+CD117+, 1.59%; CD34+HLA-DR+, 1.06%; CD13, 39.42; CD33, 36.4%; CD11b, 40.57%; CD16, 24.96%; CD14, 5.52%, CD64, 23.22%; CD13+CD16+, 24.34%; CD15+CD11b+, 29.38%; CD3, 11.71%; CD2, 7.39%; CD4, 9.72%; CD8, 15.78%; CD5, 5.36%; CD7, 5.25%; CD56, 10.63%; CD3+CD2+, 5.57%; CD3+CD4+, 4.57%; CD3+CD8+, 6.97%; CD3+CD5+, 5.24%; CD3+CD56+,1.02%; CD3+CD7+, 4.22%; CD19, 2.19%; CD19+CD20+, 1.57%; CD19+CD10+, 0.14%; CD19+CD5+, 0.12%; CD19+CD38+, 0.13%

	PHN clone analysis

	Red blood cells: CD55, 99.69%; CD59, 99.51%; Granulocytes: CD55, 98.03%; CD59, 96.30%

	Conventional cytogenetic analysis

	45,XY,-7[10]

	Genetic investigations for hematopoietic malignancy

	Positive results for KRAS, 44.2%; RUNX1, 43.8%; PTPN11, 45.4%; SETBP1, 49.5%; Negative results for GNAS, NRAS, HRAS, ASXL1, EZH2, DNMT3A, TET2, SF3B1, SRSF2, U2AF1, ZRSR2, STAG2, CBL, CBLB, CBLC, CUX1, ETV6, GATA2, IDH1, IDH2, JAK2, MPL, CALR, NOTCH1, WT1, TP53


WBC: White blood cell count; Hb: Hemoglobulin level; Plt: Platelet count; BM: Bone marrow; PB: Periphery blood.
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