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                                                                                                                        Abstract

                                                            Background A T-cell clone, thought to be the source of eosinophilopoietic cytokines, identified by clonal rearrangement of the T-cell receptor and by the presence of aberrant T-cell immunophenotype in peripheral blood defines lymphocytic variant of hypereosinophilic syndrome (L-HES).Design and Methods  Peripheral blood samples from 42 patients who satisfied the diagnostic criteria for HES were studied for T-cell receptor clonal rearrangement by polymerase chain reaction according to BIOMED-2. The T-cell immunophenotype population was assessed in peripheral blood by flow cytometry. The FIP1L1-PDGFRA fusion gene was detected by nested polymerase chain reaction.Results Forty-two HES patients (18 males and 24 females) with a median age at diagnosis of 56 years (range 17–84) were examined in this study. Their median white blood cell count was 12.9×109/L (range 5.3–121), with an absolute eosinophil count of 4.5×109/L (range 1.5–99) and a median eosinophilic bone marrow infiltration of 30% (range 11–64). Among the 42 patients, clonal T-cell receptor rearrangements were detected in 18 patients (42.8%). Patients with T-cell receptor clonality included: T-cell receptor β in 15 patients (35%), T-cell receptor γ in 9 (21%) and T-cell receptor δ in 9 (21%) patients, respectively. Clonality was detected in all three T-cell receptor loci in 4 cases, in two loci in 7 patients and in one T-cell receptor locus in the remaining 7 patients. The FIP1L1-PDGFRA fusion transcript was absent in all but 2 patients with T-cell receptor clonality. Three patients out of 42 revealed an aberrant T-cell immunophenotype. In some patients, an abnormal CD4:CD8 ratio was demonstrated.Conclusions T-cell abnormalities are present at high frequencies in patients with HES.
                                                            
                                                            Introduction
Hypereosinophilic syndrome (HES) is a rare heterogenous group of diseases characterized by chronic, unexplained hypereosinophilia with organ involvement.1 A small subset of HES patients has an interstitial deletion in chromosome 4q12, that leads to the expression of the imatinib-sensitive FIP1L1-PDGFRA fusion gene.2 The lymphocytic variant of HES (L-HES) represents a distinct clinical entity. Hypereosinophilia in these patients results from the overproduction of eosinophilopoietic cytokines, mainly interleukin 5 (IL-5), by clonal T cells. The detection of the aberrant T-cell phenotype in peripheral blood by flow cytometry and the presence of T-cell receptor (TCR) clonal rearrangement are required for diagnosis.3
In this paper, we screened 42 HES patients to estimate the proportion of cases with evidence for T-cell clonality and to compare the clinical features between patients with clonal and non-clonal TCR gene rearrangements.
The assessment included: (i) analysis of the peripheral blood T-cell immunophenotype, (ii) analysis of T-cell receptor rearrangement, (iii) detection of the FIP1L1-PDGFRA fusion transcript and (iv) determination of IL-4, IL-5 and tryptase serum levels.
Design and Methods
Patients and methods
This prospective study included 42 treatment-naive HES patients. Informed consent was obtained from all patients according to the Declaration of Helsinki and the study was approved by the institutional ethics committee. All patients included in this study satisfied three main Chusid’s criteria for HES: (i) chronic hypereosinophilia i.e., two consecutive eosinophil readings of >1.5×10/L; (ii) exclusion of reactive causes of eosinophilia and (iii) eosinophil organ involvement.1
Patients were recruited between 2002 and 2008 from 4 centers in Poland. Before entering the study, the following tests were performed: a complete history and physical examination, a complete blood count with differential, routine chemistries, electrocardiogram, echocardiogram, pulmonary function tests, chest X-ray, ultrasound/computed tomography, bone marrow aspirate and biopsy. Additional organ-specific evaluations were performed based on clinical findings. On entering the study, all patients had to exhibit symptoms, signs, and imaging or histological evidence of eosinophilic organ involvement. More frequent causes of organ damage were carefully excluded before the diagnosis of eosinophilic-related organ dysfunction was established.
An intensive work-up was implemented to exclude secondary hypereosinophilia. Infectious causes were excluded by repeated clinical evaluation, blood and stool cultures, serological and imaging studies. Serological studies for HIV, CMV, EBV, HBV and HCV were also performed. Additional laboratory evaluation included a wide panel of autoantibodies in order to exclude connective tissue disease. Hematologic malignancies and solid tumors associated with eosinophilia were excluded by standard laboratory and imaging studies. In case of lymphadenopathy, a lymph node excision was made to exclude lymphoma. Bone marrow mast cell infiltration was excluded by tryptase stained marrow biopsy samples and/or flow cytometry analysis with monoclonal antibodies against CD2, CD25 and CD117. Molecular analysis for the detection of 816KIT mutation was performed when necessary.
Tryptase, Interleukin-4 (IL-4) and Interleukin-5 (IL-5) quantitation
Serum tryptase levels were measured using the UniCAP Tryptase fluoroenzymeimmunoassay (Pharmacia, Uppsala, Sweden). Serum IL-4 and IL-5 levels were measured using the Bender MedSystems tests (Vienna, Austria).
Immunofluorescence analysis
Peripheral blood T lymphocytes were analyzed by standard flow cytometric techniques. Initial screening for T cells with an aberrant immunophenotype was performed using a panel of monoclonal antibodies conjugated with fluorescein isothiocyanate (FITC), phycoerythrin (PE) and phycoerythrin-cyanin (PC 5.1) against the lineage-asscociated T-cell markers CD2, CD3, CD4, CD5, CD6, CD7 and CD8 using a three-color immunofluorescence analysis. For the identification of individual markers, monoclonal antibodies against CD16, CD56 and CD57 were used (monoclonal antibodies provided by Becton Dickinson, San Jose, USA). Relevant isotype-matched controls were used to determine background fluorescence. Data were collected on at least 10,000 viable cells using EPICS-XL-MCL flow cytometer (Beckman Coulter, Miami, USA) and System II Software.
TCR gene rearrangement analysis
Genomic DNA was extracted using the QiAmp DNA Blood minikit (Qiagen, Germany) according to the manufacturer’s instructions. All amplification reactions were performed using an automated thermocycler according to the BIOMED-2 multiplex polymerase chain reaction (PCR) protocol.4 PCR products for heteroduplex analysis were denatured at 95°C for 5 min and subsequently renatured at 4°C for 60 min to induce duplex formation. Afterwards, the duplexes were loaded into 6% polyacrylamide gels containing 0.5x Tris-boric acid-EDTA buffer for 50 min, and visualized by ethidium bromide staining. Monoclonal PCR products give rise to homoduplexes, whereas polyclonal PCR products form heteroduplexes, resulting in a smear of slow-migrating fragments. Sensitivity limit of this method is about 5%. Clonal rearrangement was defined as a distinct band of expected size. TCR rearrangement analysis was also performed in 10 healthy adults matched for age.
FIP1L1-PDGFRA detection
RNA was extracted from 106 PBMCs using RNAEasy RNA isolation kit (Qiagen, Valencia, CA, USA). cDNA synthesis and RT-PCR were performed from 2 μg of total RNA using the Superscript First-Strand Synthesis System (Invitrogen, Carlsbad, CA, USA) with gene-specific primers. The FIP1L1-PDGFRA fusion was detected by nested PCR as described by Cools et al.2
Statistical analysis
Differences in distribution were determined using the Kolgomorow-Smirnow test and significant differences were compared using the Mann-Whitney and Wilcoxon tests for independent and dependent variables. Data are expressed as median and range and values < 0.05 were considered statistically significant.
Results
Forty-two HES patients with a median age at diagnosis of 56 years (range 17–84) were screened for the presence of the HES-associated T-cell clonality. Eosinophilic organ damage/dysfunction identified: splenomegaly (n=13), cardiac involvement (n=12), skin manifestations (n=10), pulmonary infiltration (n=8), hepatomegaly (n=8), mild lymph node enlargement (n=5), gastrointestinal manifestation (n=3) and neuropathy (n=1). Clinical manifestations at presentation are detailed in Table 1.
Cardiac manifestation included cardiomyopathy, congestive heart failure and mitral regurgitation. Cutaneous manifestation presented as diffuse maculopapular, pruritic rash and mucosal ulceration. Bilateral non-specific diffuse infiltrates were the most common pulmonary manifestations whereas eosinophilic enterocolitis dominated the digestive system involvement. There was peripheral neuropathy in one case.
[image: ]

Table 1.Clinical manifestation at presentation.
In the majority of HES patients an organ involvement was documented by imaging studies e.g. CT, abdominal ultrasound, chest X-ray. An eosinophilic tissue infiltration was also proven by histology in 15 cases: lymph node (n=5), myocardium (n=3), digestive system (n=3), skin (n=2) and bronchoalveolar lavage (n=2). Cytogenetic analysis revealed normal karyotypes in 24 cases, one case had t(6;11)(q21;q23) and metaphases were not present in the remaining 17 patients. IL-4, IL-5, vitamin B12, serum IgE and tryptase levels were measured in all patients. Serum IL-4 level was below detection level in 11 cases whereas unmeasurable serum IL-5 level was revealed in 5 patients.
Among the 42 HES patients, clonal TCR rearrangement by PCR was detected in 18 patients (42.8%). TCR clonality included: TCRβ in 15 patients (35%), TCR gamma in 9 (21%) and TCRδ in 9 (21%), respectively. Clonality was detected in all three TCR loci in 4 cases, in two loci in 7 patients and in one TCR locus in the remaining 7 patients. TCRβ rearrangements were complete in 11 and incomplete in 8 patients. Thorough analysis of obtained results revealed no evidence for oligoclonality of TCR rearrangements. We also did not observe any sub(clonal) TCR gene rearrangements in any of the analyzed 10 healthy subjects. Details of TCR analysis are presented in Table 2. The FIP1L1-PDGFRA fusion transcript was detected in 2 patients with TCR clonality and this fusion was also demonstrated in 4 patients in the non-clonal TCR group. In all 6 cases the treatment with low-dose imatinib appeared to be highly effective at 100 mg/day.
[image: ]

Table 2.Results of BIOMED-2 TCR multiplex polymerase chain reaction in 18 HES patients with detected TCR clonality.
Three out of 42 studied patients revealed an abnormal T-cell phenotype by flow cytometry. One male patient with skin manifestations and severe AEC presented with CD2CD3CD4CD5CD7CD8 T cells. Among lymphocytes there were 77.4% of CD3CD4 cells, 7.23% of CD3CD8 cells, 79.5% of CD2CD7 cells and 73.3% of CD3CD5. Molecular studies identified TCR clonal rearrangement: TCRβ, TCRδ and TCRγ and his serum IgE and IL-4 level were elevated: (840 IU/mL and 13 pg/mL, respectively). In contrast, serum IL-5 levels were undetectable. He achieved hematologic remission while on steroids, but the aberrant T-cell clone was still present. A second female patient, presented with increased WBC counts (21×10/L), hypereosinophilia (3.5×10/L) and lymphocytosis (13×10/L). Serum IgE levels were 13,966 IU/mL. In addition, her blood immunophenotyping results were abnormal revealing a predominant CD3CD4 T-cell population i.e., 98% of total lymphocytes were CD3 CD4 (an absolute CD4 count was 12.× 10) while B and NK cells comprised only 1.5% and 0.5%, respectively. These CD3 cells also expressed other pan T-cell markers including CD2, CD5 and CD7. TCR sequence analysis revealed clonal rearrangement i.e., TCRβ and TCRδ. Her serum IL-4 levels were elevated whereas serum IL-5 levels were undetectable. Cytogenetic studies identified t(6;11). This condition progressed to peripheral T-cell lymphoma after three years of persistent eosinophilia.5 A third male patient presented with an abnormal peripheral blood T-cell population defined by CD2CD3CD4CD5CD7CD8CD16CD56 and CD57 cells. These cells occupied 32% of total lymphocytes. Molecular studies revealed clonal TCR gene rearrangements, i.e., TCRβ and TCRγ His blood eosinophilia was moderate (1.6×10), serum IgE was normal and serum IL-4 and IL-5 were undetectable. Serological and molecular studies for cytomegalovirus infection were negative. In summary, among 18 patients with evidence for T-cell clonality only 3 had phenotypically abnormal T-cell subsets whereas among the 24 patients without T-cell clones, no phenotypic abnormalities were observed.
In some patients, an abnormal CD4:CD8 ratio was identified. The other abnormalities included increases or decreases in CD3CD4 or CD3CD7 cells.
We compared clinical and biological features of patients with clonal and non-clonal TCR gene rearrangements. No significant differences were found between these two analyzed groups except that the CD4:CD8 ratio was increased in the non-clonal TCR population (p=0.03). Study group characteristics are shown in Table 3.
[image: ]

Table 3.Study group characteristics.
Discussion
The detection of an abnormal T-cell population (TCP) in peripheral blood and TCR clonal rearrangement (TCC) are required for the diagnosis of L-HES. It was demonstrated that hypereosinophilia may precede the development of overt T-cell lymphoma, but it remains unclear how often the abnormal T-cell population is associated with prolonged eosinophilia.3 The first HES patient with an aberrant TCP and overproduction of IL-5 was described in 1994.6 Three additional patients with abnormal CD3CD4 cells in peripheral blood by flow cytometry were identified. These cells produced excessive amounts of IL-4 and IL-5 compared to CD3CD4 cells from healthy volunteers. Involvement of the skin was the most common presentation in this population.7 Among 60 patients with idiopathic eosinophilia studied by Simon et al., 16 had T cells with an aberrant immunophenotype. It was demonstrated that purified clonal T cells from 2 patients secreted large amounts of IL-5.8 Serum IL-5 level was not measured in this study. However, it should be mentioned that serum cytokine levels are not indicative of T-cell mediated disease. The standard for L-HES diagnosis should be the determination of cytokine profile in supernatants of ex vivo T cells, but it is inapplicable in daily routine practice due to high cost and complexity. In 4/16 patients with the abnormal TCP, T-cell lymphoma was ultimately diagnosed.8 In a larger study involving 99 patients with idiopathic eosinophilia >0.6×10/L, clonal T cells were detected in 14 patients (14%). In 6 patients, an overt T-cell malignancy was already present at the time of evaluation; 7 out of the remaining 8 patients with the aberrant T-cell clone presented with cutaneous manifestation and an increased serum IgE level was demonstrated in 5 (serum IL-4 and IL-5 levels were not measured in this study).9 In contrast, the majority of studied HES patients had detectable TCR clonal rearrangement in one recently published report.10 TCR clonal rearrangement by PCR was seen in 10 out of 14 patients (71.4%), but only one case presented with an aberrant T-cell immunophenotype by flow cytometry (i.e., CD3–CD4). It should be underlined that authors used very sensitive diagnostic methods for TCR clonal detection compared to those used by others.8,9,11 In conclusion, the results demonstrated by Galimberti et al.,10 suggested that T-cell proliferation is probably not the primum movens of sustained hypereosinophilia, but rather an epiphenomenon in the majority of cases. A high proportion of the patients who tested positive for TCR clonal rearrangement in our study did so for two main reasons: (i) high sensitivity of the molecular technique used in our study, (ii) the patient population who fulfilled the stringent criteria for hypereosinophilic syndrome. Results of T-cell studies in patients with HES are summarized in Table 4.
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Table 4.Summary of T-cell HES studies.
In our current study, the F/P fusion transcript was detected in 2 patients with clonal TCR rearrangement. Both patients responded promptly to low doses of imatinib and remained in complete hematologic and molecular remission. TCR analysis was not repeated after imatinib was administered. The FIP1L1-PDGFRA fusion transcript was undetectable in 6 patients with T-cell clone in one recently published study.9 On the other hand, Galimberti et al. revealed the presence of the FIP1L1-PDGFRA fusion transcript in 4 out of 10 patients with TCR clonality. It is worth noting that clonal T cells were no longer detected after the disappearance of FIP1L1-PDGFRA following imatinib.10 It was demonstrated that F/P mutation arises in a pluripotent stem cell and it was detected in different cells including T lymphocytes.12 Moreover, some data showed the association of the F/P fusion gene with T-cell lymphoma.13,14
Detection of the abnormal T-cell immunophenotype and/or TCR clonality in patients with long-term hypereosinophilia may precede the development of T-cell lymphoma.8 This was also seen in one patient in our study. However, there was a single report of a patient with hypereosinophilia and clonal CD3CD4 lymphocytosis for more than 13 years who did not develop lymphoma15 suggesting that the disease had an indolent course in at least some cases. It is noteworthy that steroids remained a treatment of choice in these patients.
The therapy may have lowered the number of peripheral eosinophils and the absolute numbers of phenotypically abnormal T cells. On the other hand, there were also patients who responded to corticosteroid treatment with a decrease in eosinophil level, but an aberrant T-cell population remained unaffected.7 It seems likely that progression of L-HES to overt lymphoma resulted from partial deletion of chromosome 6q in CD3-CD4 cells; however, this association was demonstrated only in one patient.16 One patient from our study group presented with an abnormal T-cell population, TCR clonal rearrangement and t(6;11)(q21;q23). This patient progressed to peripheral T-cell lymphoma after three years of eosinophilic prodrome.5 This case indicated the need for close cytogenetic monitoring in patients with L-HES.
We found no significant differences in clinical or serological features when we compared patients with clonal and non-clonal TCR gene rearrangements, except for the decreased CD4:CD8 ratios in patients with clonal TCRs. Patients with detectable TCR clonal rearrangement had increased serum IL-5, IgE and lymphocytosis, but these values did not reach statistical significance. We proved that T-cell abnormalities in HES did not necessarily correlate with blood lymphocytosis.
In addition, the occurrence of the aberrant T-cell population may not always indicate the presence of clonal TCR and viceversa. In addition to the typical case with T-cell clonality and aberrant T-cell population in peripheral blood, for which diagnosis of L-HES appears certain, the presence of TCR clonal rearrangement without abnormal TCP raises the problem of interpretation. According to a recently published review the demonstration of isolated clonal TCR rearrangement seems to be insufficient to classify patients as having L-HES.17
It should, however, be noted that clonal T cells are found in peripheral blood of the elderly,18 and in patients with severe viral infection.19 This implies that results of molecular clonality studies should always be interpreted together with clinical and morphological features. We would like to underline that more than 60% of TCR positive cases (11/18) in our study revealed TCR clonality in two or more TCR loci and this finding is in favor of true clonality (A. Langerak, personal communication, February 16, 2009).
We did not reveal TCR clonality in healthy subjects matched for age. To our knowledge, we present up-to-date the largest prospective analysis so far of T-cell abnormalities in patients fulfilling the HES criteria using very sensitive and modern diagnostic tools. Although in mature T-cell malignancies changes of antigen expression are frequently observed, flow cytometry cannot be applied for T-cell clonality assessment. Thanks to international co-operative BIOMED-2 efforts, PCR analysis of TCR gene rearrangements became a gold standard of T-cell clonality detection.20 The drawback of this PCR based approach for TCR clonality detection is that it is not quantitative. In summary, T-cell clone was identified in a significant proportion of patients with HES. These cases may progress into overt T-cell lymphomas, therefore, close monitoring of these patients is indicated. The timing of treatment is controversial and therapeutic approaches should be designed on a case-by-case basis.
Acknowledgments
we are grateful to Dr T. Szczepanski for critical reading and discussion of the manuscript.
Footnotes
	
Authorship and Disclosures
GH planned the research, collected and analyzed data, wrote the manuscript; AW collected data; JDS performed immunophenotyping analysis; MM performed molecular analysis; SKK critically reviewed the manuscript.
	
The authors reported no potential conflicts of interest.
	
Funding: this work was supported by the grant n. 402 004 32/0118 from the Polish Ministry of Health and Higher Education for Dr. Grzegorz Helbig.

	Received December 31, 2008.
	Revision received March 22, 2009.
	Accepted March 26, 2009.

References
	Chusid MJ, Dale DC, West BC, Wolff SM. The hypereosinophilic syndrome: analysis of fourteen cases with review of the literature. Medicine (Baltimore). 1975; 54:1-27. PubMedhttps://doi.org/10.1097/00005792-197501000-00001Google Scholar

	Cools J, De Angelo DJ, Gotlib J, Stover EH, Legare RD, Cortes J. A tyrosine kinase created by fusion of the PDGFRA and FIP1L1 genes as a therapeutic target of imatinib in idiopathic hypereosinophilic syndrome. N Engl J Med. 2003; 348:1201-14. PubMedhttps://doi.org/10.1056/NEJMoa025217Google Scholar

	Roufosse F, Schandene L, Sibille C, Kennes B, Efira A, Cogan E. T-cell receptor-independent activation of clonal Th2 cells associated with chronic hypereosinophilia. Blood. 1999; 94:994-1002. PubMedGoogle Scholar

	van Dongen JJ, Langerak AW, Bruggemann M, Evans PA, Hummel M, Lavender FL. Design and standardization of PCR primers and protocols for detection of clonal immunoglobulin and T-cell receptor gene recombinations in suspect lymphoproliferations: report of the BIOMED-2 Concerted Action BMH4-CT98-3936. Leukemia. 2003; 17:2257-317. PubMedhttps://doi.org/10.1038/sj.leu.2403202Google Scholar

	Helbig G, Stella-Howowiecka B, Bober G, Majewski M, Grzegorczyk J, Wosniczka K. The achievement of complete molecular remission after autologous stem cell transplantation for T-cell lymphoma with associated hypereosinophilia, rare aberration t(6;11) and elevated IL-4 and IgE. Haematologica. 2006; 91:21-2. Google Scholar

	Cogan E, Schandene L, Crusiaux A, Cochaux P, Velu T, Goldman M. Brief report: clonal proliferation of type 2 helper T cells in a man with the hypereosinophilic syndrome. N Engl J Med. 1994; 330:535-8. PubMedhttps://doi.org/10.1056/NEJM199402243300804Google Scholar

	Roufosse F, Schandene L, Sibille C, Willard-Gallo K, Kennes B, Efira A. Clonal Th2 lymphocytes in patients with the idiopathic hypereosinophilic syndrome. Br J Haematol. 2000; 109:540-8. PubMedhttps://doi.org/10.1046/j.1365-2141.2000.02097.xGoogle Scholar

	Simon HU, Plotz SG, Dummer R, Blaser K. Abnormal clones of T cells producing interleukin-5 in idiopathic eosinophilia. N Engl J Med. 1999; 341:1112-20. PubMedhttps://doi.org/10.1056/NEJM199910073411503Google Scholar

	Vaklavas C, Tefferi A, Butterfield J, Ketterling R, Verstovsek S, Kantarjian H. Idiopathic eosinophilia with an occult T-cell clone: prevalence and clinical course. Leuk Res. 2007; 31:691-4. PubMedhttps://doi.org/10.1016/j.leukres.2006.10.005Google Scholar

	Galimberti S, Ciabatti E, Ottimo F, Rossi A, Trombi L, Carulli G. Cell clonality in hypereosinophilic syndrome: what pathogenic role?. Clin Exp Rheumatol. 2007; 25:17-22. PubMedGoogle Scholar

	Roche-Lestienne C, Lepers S, Soenen-Cornu V, Kahn JE, Lai JL, Hachulla E. Molecular characterization of the idiopathic hypereosinophilic syndorme (HES) in 35 French patients with normal conventional cytogenetics. Leukemia. 2005; 19:792-8. PubMedhttps://doi.org/10.1038/sj.leu.2403722Google Scholar

	Robyn J, Lemery S, McCoy JP, Kubofcik J, Kim YJ, Nutman TB. Multilineage involvement of the fusion gene in patients with FIP1L1/PDGFRA-positive hypereosinophilic syndrome. Br J Haematol. 2006; 132:286-92. PubMedhttps://doi.org/10.1111/j.1365-2141.2005.05863.xGoogle Scholar

	Metzgeroth G, Walz C, Score J, Siebers R, Schnittger S, Hamerlach C. Recurrent finding of the FIP1L1-PDGFRA fusion gene in eosinophilia-associated acute myeloid leukemia and lymphoblastic T-cell lymphoma. Leukemia. 2007; 21:1183-8. PubMedhttps://doi.org/10.1038/sj.leu.2404662Google Scholar

	Capovilla M, Cayuela JM, Bilhou-Nabera C, Gardin C, Letestu R, Baran-Marzak F. Synchronous FIP1L1-PDGFRA-positive chronic eosinophilic leukemia and T-cell lymphoblastic lymphoma: a bilineal clonal malignancy. Eur J Haematol. 2007; 80:81-6. PubMedGoogle Scholar

	Sugimoto K, Tamayose K, Sasaki M, Danbara T, Aikawa Y, Ogawa H. More than 13 years of hypereosinophilia associated with clonal CD3–CD4+ lymphocytosis of Th2/Th0 type. Int J Haematol. 2002; 75:281-4. https://doi.org/10.1007/BF02982042Google Scholar

	Ravoet M, Sibille C, Roufosse F, Duvillier H, Sotiriou C, Schandene L. 6q- is an early and persistent chromosomal abberation in CD3–CD4+ T-cell clones associated with the lymphocytic variant of hypereosinophilic syndrome. Haematologica. 2005; 90:753-65. PubMedGoogle Scholar

	Roufosse F, Cogan E, Goldman M. Lymphocytic variant hypereosinophilic syndromes. Immunol Allergy Clin N Am. 2007; 27:389-413. PubMedhttps://doi.org/10.1016/j.iac.2007.07.002Google Scholar

	Posnett DN, Sinha R, Kabak S, Russo C. Clonal populations of T cells in normal elderly humans: the T cell equivalent to “benign monoclonal gammopathy”. J Exp Med. 1994; 178:303-618. Google Scholar

	Hodges E, Krishna MT, Pickard C, Smith JL. Diagnostic role of tests for T cell receptor (TCR) genes. J Clin Pathol. 2003; 56:1-11. PubMedhttps://doi.org/10.1136/jcp.56.1.1Google Scholar

	Bruggemann M, White H, Gaulard P, Garcia-Sanz R, Gameiro P, Oeschger S. Powerful strategy for polymerase chain reaction-based clonality assessment in T-cell malignancies Report of the BIOMED-2 Concerted Action BHM4 CT98-3936. Leukemia. 2007; 21:215-21. PubMedhttps://doi.org/10.1038/sj.leu.2404481Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    


                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 94 No. 9 (2009): September, 2009 : Articles
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2008.005447
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        19734416
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC2738715
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2009-09-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        1151

    

    
        PDF Downloads

        162

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Grzegorz Helbig, Agata Wieczorkiewicz, Joanna Dziaczkowska-Suszek, Miroslaw Majewski, Slawomira Kyrcz-Krzemien. T-cell abnormalities are present at high frequencies in patients with hypereosinophilic syndrome. Haematologica 2009;94(9):1236-1241; https://doi.org/10.3324/haematol.2008.005447.





                

                

                
                
  Copy Citation
  
  

                
                

                
                Choose Citation Format
                


                                        
                        	
                                
                                    Chicago
                                
                            
	
                                
                                    Harvard
                                
                            
	
                                
                                    Vancouver
                                
                            
	
                                
                                    Haematologica
                                
                            


                                                
                            Download Citation

                        

                        	
                                
                                    
                                    Endnote/Zotero/Mendeley (RIS)
                                
                            
	
                                
                                    
                                    BibTeX
                                
                            


                                            

                

            

        

    

    
            

        

    


                            
    
        
            
                Share Article

                
                    ×
                
            

            
                
                

                    
                        
                        
                            
                                Copy URL
                            
                        
                    

                

                
                
         

           
                

            

        

    



                                                                    
    
        
            
                Request Permissions

                
                    ×
                
            

            
                
                
                    To create an adaptation, translation, or derivative of the
                        original work, for commercial e-prints and printed articles further permission is
                        required.
 For
                        information contact: marketing@haematologica.org


                                        
                    Other types of copyright management, can be agreed with the Editorial office.



                

            

        

    


            
                        
    


 







  










    
        
            

            				
                                                                    
                                
					
Navigate

	Home
	Current issue
	Early view
	Archive
	About Haematologica
	Editorial Team
	Our policies





For Authors

	Author Guidelines
	Submit Manuscript
	Track Manuscript


For Reviewers

	Reviewer Guidelines
	Access Your Profile
	Access Your Tasks





For Advertisers

	Informations For Advertising


Education

	Review Articles
	Guidelines Articles


Privacy

	Cookie Policy
	Newsletter Privacy Policy
	Privacy Policy





More

	Rights & Permissions


	Web design
	Development



                                
                                    
                                
                                
                                
                                
                                
                                    
                                
                                


Copyright © 2023 by the Ferrata Storti Foundation | Web design ￫ | Development ￫


ISSN 0390-6078 print | ISSN 1592-8721 online
 





				

			                        

        

    

   
















 

