Session I: Cancer Cytogenetics

Follicular Lymphoma: The chromosome 1 story
Doug Horsman MD, Director, Cancer Genetics Laboratory, BC Cancer Agency

Member, Center for Lymphoid Cancer, BC Cancer Agency
The emphasis of this presentation will be on how standard and high resolution molecular cytogenetic technologies can be utilized to provide insights into the chromosomal evolution of a specific type of cancer.

Follicular lymphoma (FL) is the most common indolent lymphoma in Western countries.  It results from the clonal proliferation of a malignant B lymphocyte with the phenotypic features of a B-cell from the follicle center of reactive lymph nodes. The disease presents in advanced clinical stage with generalized lymphadenopathy and involvement of marrow and other hemato-lymphoid organs. Most patients survive for many years with waxing and waning of disease, often requiring chemotherapy to reduce symptoms. There is a 3% per year risk of transformation to more aggressive lymphoma.
Chromosome analysis of FL reveals 85% of cases to have the t(14;18)(q32;q21) that results in increased expression of the ant-apoptotic Bcl2 protein. The great majority of cases show additional recurrent chromosome changes with a typical pattern involving losses of 1p32-36, 6q, 10q and 17p, and gains of 1q, 2p, 7, 9p, 12, 17q, 18q and X. Recent studies have confirmed that deletion of 1p36 and duplication of 1q are the most common secondary chromosome changes in FL with del(1p36) being closely associated with overall survival and risk of transformation.

The chromosome changes associated with FL represent an important model for the study of the clonal evolution of cancer. We have undertaken multiple molecular cytogenetic investigations to fully characterize the mechanisms of chromosome 1 involvement in FL. These include G-banding, multi-colour karyotyping, multi-colour banding, array CGH, locus-specific FISH, high resolution SNP analysis and custom ultra high resolution oligonucleotide array analysis. This work has allowed us to identify the gene(s) most likely targeted for deletion/silencing in this disease. 
Complex Rearrangement of Chromosomes 19, 21, and 22 in Ewing Carcoma Involving A Novel Reciprocal Inversion-Insertion Mechanism of EWS-ERG Fusion Gene Formation

G. Maire, J. Bayani1, C. Pereira2, C. Brown3,4, D.H. Gravel5, J.C. Bell3,6, J.A. Squire1,7, M. Zielenska2,7,8. 1) Ontario Cancer Institute, toronto, Ontario, Canada; 2) Pediatric Laboratory Medecine and Pathology, The Hospital for Sick Children, Toronto, Canada; 3) Ottawa Health Research Institute, Center for Cancer Therapeutics, Canada; 4) Microbiology and Immunology, University of Ottawa and Orthopaediatric Surgery, Ottawa Hospital and the University of Ottawa, Canada; 5) Pathology and Laboratory Medecine, Ottawa Hospital and University of Ottawa, Canada; 6) Biochemistry, Microbiology and Immunology, University of Ottawa, Canada; 7) Laboratory Medecine and Pathology, University of Toronto, Canada; 8) Genetics and Genome Biology, Hospital for Sick Children, Toronto, Canada.

A 25-year-old male presented with a very aggressive and metastatic Ewing Sarcoma (ES). Cells cultured from the biopsy transformed into a cell line. The objective was to characterize at the molecular level what were the original abnormalities of this new cell line derived from an unusually aggressive ES tumor. Cultured cells were analyzed by molecular cytogenetics techniques: SKY, FISH, aCGH and by RT-PCR. SKY analysis showed a simple pseudo tetraploid karyotype, with an apparent balanced and reciprocal t(19;22) as the sole structural rearrangement. The breakpoint on chromosome 22 mapped the EWS gene, and the RT-PCR for the EWS-ERG fusion gene was positive. Further FISH characterization using a collection of 30 BAC, identified a cryptic insertion and inversion between chromosome 21 and 22, resulting in the formation of an in frame fusion of the EWS 5end with the ERG 3end. In addition, aCGH identified a 16 Mb deletion which included the RB1 gene. An analysis of the biopsy prior to the cell line being established confirmed the presence of the rearrangements involving chromosomes 19, 21 and 22, but both RB1 deletion and tetraploidization were not detected. Furthermore, the metastasis exhibited the same abnormalities as the primary tumor biopsy, suggesting that the acquisition RB1 loss and tetraploidization was most likely an in-vitro effect, and not related to the disease progression. This study allowed us to identify a novel reciprocal insertion-inversion mechanism, and to propose a sequence of molecular evens that may account for the clinically aggressive behavior of this particular ES case.
Integration of Genome-Wide Epigenetic, Genetic, and Expression Profiling in Osteosarcoma

Sadikovic Bekim1,2, Al-Romaih Khaldoun2, Yoshimoto Maisa2, Zielenska Maria1, Squire Jeremy2
1. Department of Pediatric Laboratory Medicine, the Hospital for Sick Children, Toronto

2. Division of Cellular and Molecular Biology Department of Research, Ontario Cancer Institute (OCI), University Health Network (UHN)
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Genetic and chromosomal changes deregulate gene expression, disrupt molecular networks and cause genomic instability. In addition to genetic changes, gene expression and genomic stability is influenced by epigenetic mechanisms. Changes in DNA methylation are key epigenetic factors regulating gene expression and genomic stability. Osteosarcoma is a pediatric bone tumor with high level of numerical and structural chromosomal changes, lacking good genetic biomarkers. Furthermore, little is known about DNA methylation changes in osteosarcoma. Our hypothesis is that both genetic and epigenetic changes result in disruption of gene expression and acquisition of osteosarcoma phenotype. Our objective was to create a genome-wide approach for integration of epigenetic, genetic, and expression profiling, and to identify functional epi/genomic differences between osteosacoma cell lines and normal human osteoblasts. We used a combination of Affymetrix Promoter Tilling Arrays for DNA methylation, Agilent 244k a-CGH platform for genomic imbalance, Affymetrix Gene 1.0 arrays for expression, and Partek Genomic Suite and Ingenuity Pathway Analysis software for data analysis/integration. We developed a unique approach for detection of genome-wide DNA methylation changes at 35 nucleotide resolution. Data integration allowed for identification of osteosarcoma-specific genes and gene networks with changes in DNA methylation and genomic imbalance, and their cumulative effects on gene expression profiles. We identified specific chromosomal regions with epigenetic, genetic, and gene expression changes correlating with specific repetitive genomic elements. In conclusion, we developed an approach for identification of gene- and gene network-specific specific contributions of epigenetic, genetic and gene expression changes to osteosarcoma phenotype, and genomic instability in general.
Integrative Genomic Microarray Analyses Reveal Novel Molecular Targets In Non-Small Cell Lung Carcinoma
KJ Craddock1, D Strumpf2, W Xie2, TPH Buys3, B Chi3, WL Lam3, I Jurisica2 and MS Tsao1. 1Department of Laboratory Medicine and Pathobiology, University Health Network, University of Toronto, Toronto, ON, Canada; 2Computing Science and Medical Biophysics, University of Toronto, Toronto, ON, Canada and 3Cancer Genetics and Developmental Biology, British Columbia Cancer Research Centre, Vancouver, BC, Canada.

Background: Non-small cell carcinomas (NSCLC) typically have complex karyotypes with multiple chromosomal aberrations that result in net gains and losses of genetic material. Although recurring areas of amplification have been described involving genes thought to be important in the carcinogenesis, the list of identified potential oncogenes remains limited.

Design: High-resolution comparative genomic analysis was performed on DNA from 115 archived NSCLC specimens using a whole genome tiling path bacterial artificial chromosome array with 26,363 overlapping clones. Three algorithms (DNAcopy, HMMeR, aCGH Smooth) were employed to define the segmental DNA gains and losses in each tumor genome. Minimal common regions (MCRs) of amplification and deletion were then identified for the entire tumor panel using another algorithm (STAC).  Potentially important genes within these regions were determined by integrating data from gene expression microarray experiments: overexpressed genes within MCRs were identified through significance analysis of microarray (SAM) analysis of 2 previously published NSCLC datasets5,6 as well as our own Affymetrix U133A array data for 178 fresh frozen NSCLC samples.

Results: Observed segmental alterations were in concordance with previous studies, including frequent gains at chromosome 1q, 3q, 5p, and 8q, and frequent losses at 3p, 5q, 6q, 8p, 9p, 13q, and 17p.  Analysis of key genes within MCRs using multiple expression array datasets revealed a list of 54 high-confidence genes, including genes previously identified as playing an important role in NSCLC (ex. MYC, hTERT) as well as many novel genes which are good candidates for further study.  A protein-protein interaction analysis revealed a statistically significant over-representation of the TGF-( pathway, which is known to be frequently altered in lung carcinomas. 

Conclusion: Integrative genomic analysis on a large panel of lung tumours has revealed potentially important players in the pathogenesis and malignant progression of NSCLC. Further investigation of these genes and the pathways involved could unveil new prognostic biomarkers or novel therapeutic targets in this disease.
An Interesting HER2 Amplification Case

Cherry Have, MLT, BSc
Amplification of the HER2 gene causing over-expression of the HER2 protein product is well documented occurring within 20-25% of breast cancers.  Amplified regions or amplicons are commonly found within homogeneous staining regions (HSRs), double minutes (dmin) and scattered translocations.  It appears these cytogenetic structures can be deduced from signal distribution within the interphase cells.  Clusters of signals within the interphase nuclei represent HSRs while scattered signals represent either dmin or scattered translocations.  It is unclear how these amplicons form although there are some theories involving an anaphase bridge product of either a chromosome break or a ring.  An unusual HER2 FISH signal distribution found within a clinical case presented may shed light on a mechanism leading to amplification.
Translocation (X;20) in a male with myelodysplastic syndrome

T. Gillan and B. Roland.  University of Calgary and Calgary Laboratory Services, Calgary.
An 80 year-old male was investigated because of thrombocytopenia.  The bone marrow showed mild dysplastic features, and was classified as myelodysplastic syndrome, consistent with refractory cytopenia with multilineage dysplasia.  The bone marrow karyotype was 47,XY,t(X;20)(q13;q13.3),del(2)(q33)[18]/47,XXY[2].

Translocation between an X chromosome and an autosome is rare in hematolymphoid neoplasia, but there are several recurrent t(X;A), with the most frequent breakpoint at Xq13.  Although deletion 20q is common in myeloid malignancies, translocations involving chromosome 20 are rare.  Translocation (X;20) has been reported previously in 8 patients ranging in age from 57 to 86, all of whom were female.  Their diagnoses were myelodysplastic syndrome in four, chronic myeloproliferative disorder in one, and acute myeloid leukemia in three.  Additional abnormalities were present only in the 3 cases of AML.  Spreading of inactivation from Xq on the derivative chromosome 20 plays a pathogenic role, and may be functionally equivalent to deletion of 20q. This mechanism of segmental inactivation has been proposed for few other rearrangements.

Our patient is the first reported male with t(X;20), and his probable constitutional 47,XXY karyotype is consistent with the above mechanism.
Composite Mantle Cell and Lymphoplasmacytic Lymphoma 

Cuihong Wei1,2, Catherine Chung1, Tong Zhang1, Bevoline Nwachukwu1, Denis Bailey1,2, and Suzanne Kamel-Reid1,2

1Department of Pathology, The University Health Network, Toronto, Ontario, Canada M5G 2C4. 2The Department of Laboratory Medicine and Pathobiology, University of Toronto, Ontario, Canada M5G 1L5 

Composite lymphoma has been described as two lymphomas occurring simultaneously in a patient and is uncommon. The occurrence of mantle cell lymphoma as one of the two components is particularly rare. Here we report on a patient who presented with generalized lymphadenopathy and monoclonal IgM kappa paraproteinemia. An excisional lymph node biopsy showed effacement by poorly defined nodules of mantle cell lymphoma partially separated by large, monotonous groups of plasma cells. The surface marker profile of the mantle cell component:SIgKappa+/CD19+/CD20+/FMC7-/CD5+/CD23-/CD10-/cyclin D1+). However the plasma cell component was stained positive for IgM kappa but negative for cyclin D1. Histological examination of the bone marrow revealed scattered lymphoid foci containing plasma cells that showed monoclonal staining for IgM kappa with a different surface marker profile (SIgKappa+/CD19+/CD20+/FMC+/CD5-/CD23-/CD10-). FISH analysis for t(11;14) demonstrated its presence in the lymph node but not in the bone marrow. Southern blot analysis detected cyclin D1 rearrangement in the lymph node. B-cell monoclonality was detected by two PCR reactions (FR256 and FR3) of the IgH gene on both the lymph node biopsy and the bone marrow sample. Two clonal fragments were observed on the lymph node biopsy but only one was observed on the bone marrow by polyacrylamide gel electrophoresis. Based on these investigations, we speculate that this case might be either a composite lymphoma or that a lymphoma that has evolved from the other through clonal evolution.


In order to determine the clonal origin of these two cellular components of the lymph node and the plasma cells in the bone marrow, we performed microdissection on the paraffin embedded sections lightly stained with IgM kappa antibody. FR3 PCR of the IgH was carried out on the microdissected mantle cells and microdissected plasma cells from the lymph node, as well as the bone marrow cells. The PCR products were then treated by SAP and Exo I enzymes followed by bi-directional sequencing using ABI BigDye sequencing kit V3.1. The sequences obtained were compared to the germline sequences of the V, D, and J segments of the IgH gene.


The sequence of the microdissected plasma cells from the lymph node was identical to the sequence of the bone marrow sample confirming that the bone marrow plasma cells shared the same clonal origin as the plasma cells from the lymph node.. While the the mantle cell component had a different sequence which differed in both the D region of the J region of the IgH gene from the plasma cells. Based on these findings, we conclude that clonal evolution could be excluded in this case. What is presented here is the first confirmed case of composite lymphoma bearing a mantle cell and a plasma cell component.
Identification of the Breakpoints at 6q23 and Xp11.23 in a Case of Infant Twins With Acute Non-Lymphoblastic Leukemia: A Cytogenetic Evidence of an Intrauterine Origin and Possible Involvement of C-MYB.

Riwa Absi, Dorothée Bouron-Dal Soglio, Martin Champagne, Jean Christophe Fournet, Emmanuelle Lemyre, Raouf Fetni;  Cytogenetics laboratory, Departments of Pathology and Oncology, Sainte-Justine Hospital, Montreal, Quebec, Canada

The occurrence of childhood acute non-lymphoblastic leukemia (ANLL) in twins provides an opportunity to investigate the origin of chromosome abnormalities in pediatric ANLL. Studies of monozygotic twins with concordant leukemia indicate a prenatal acquisition of leukemia chromosome rearrangements. Identical twin girls, aged 4 months, developed a concordant M2 ANLL and shared the same bone marrow examination and immunophenotypic characteristics.   Both shared an identical chromosomal abnormality, an insertion of a segment between 6q21 and 6q23 into band Xp11.23 as the sole abnormality detected by G-band karyotyping and confirmed by FISH.  No chromosomal abnormality was found in peripheral blood from both twins, indicating that the insertion was an acquired chromosomal rearrangement. Hence, this  rare chromosomal abnormality must have occurred in a single stem cell or early precursor cell in utero, followed by intraplacental metastasis to the other twin. The insertion was furt!

 her characterized by 3-color metaphase FISH analyses, using 6q23 and Xp11.2 specific bacterial artificial chromosome probes, to map the precise location of the breakpoints. Split signals were detected by the RP11-416B14 probe for chromosome X and by the C-MYB probe (Vysis) for chromosome 6. The former probe spans several genes and further studies will aim to determine whether any of these genes is involved in the formation of a fusion gene.  This previously unreported ins(X;6)(p11.23;q21q23) might be a variant of a recurrent but non characterized translocation t(X;6)(p11;q23). To our knowledge this is the first case report of monozygotic twins with ANLL and a rearrangement involving the breakpoints 6q23 and Xp11.23.
Evaluting the Risk of Gonadal Tumors In Patients With Disorders Of Sex Development And A Y Chromosome: A Retrospective Study Of 26 Cases.

Beaulieu Bergeron M 1,2,4, Brochu P 1,2, Lemyre E 3,4, Lemieux N 1,2,4. 1) Département de Pathologie et Biologie cellulaire, Université de Montréal, Montréal, Québec, Canada; 2) Département de Pathologie, 3) Département de Pédiatrie et 4) Centre de recherche, CHU Sainte-Justine, Montréal, Québec, Canada.

Patients with a Y chromosome and disorders of sex development (DSD) are at risk of developing gonadal tumors such as gonadoblastomas (GBs) and/or dysgerminomas (DGs). These tumors might arise from germ cells that abnormally proliferate in undifferentiated gonadal tissue (UGT) of dysgenetic gonads under the influence of TSPY (Yp11.2). In order to verify this hypothesis, we retrospectively studied 26 patients with DSD who had in their constitution Y chromosome material (including TSPY) and their gonads removed: 10 females and 1 male with an isodicentric Y [idic(Y)], 1 female with a ring Y [r(Y)], 1 female with an unbalanced X;Y translocation [der(Y)t(X;Y)], 8 XY females and 1 XY male, and 2 males and 2 females with a 45,X/46,XY constitution. We found UGT in 10 patients, among whom 7 had developed a DG and/or a GB: 4 females with an idic(Y), 2 XY females, and 1 45,X/46,XY female. As for the 3 patients with UGT who did not develop tumors (the female with a der(Y)t(X;Y), the male with an idic(Y), and a 45,X/46,XY male), the very young age at which gonadectomy was performed (13 to 19 months old) probably prevented tumorigenesis despite the presence of TSPY. On the other hand, a GB was identified in only 1 of the 16 patients in whom no clear evidences of UGT were found. In conclusion, our retrospective study suggests that patients with DSD who have material from the Yp11.2 region (including the TSPY gene) and UGT are at high risk for developing GBs or DGs.
Session II: Clinical Problems

Interesting Finds in Male Infertility

Rosemary Mueller, PhD, FCCMG, Director, Cytogenetics Laboratory, Stollery Children’s and University of Alberta Hospital, Edmonton, Alberta

The Edmonton Cytogenetics Lab is a general cytogenetics lab that serves a large population base and a wide range of physicians. We are noticing a dramatic increase in requests for chromosome analysis to investigate male infertility that is likely related to the rapid increase in the young adult male population and to the recent opening of a local clinic specializing in infertility.

The increase in these cases has caused me to ponder and review the following:

Why do we analyse chromosomes for male infertility? Is this a valid clinical indication for cytogenetic analysis? What are we expecting to find? What do we find? 

I will address these questions based on the experience of the Edmonton cytogenetics lab from 2005 to the present.  I invite discussion and comment from other labs on their response to these cases.

An Unusual PWS Deletion - Now You See It, Now You Don't!

Malcolm Parslow, Victoria General Hospital, Victoria, BC.
C.G. was born at 38 weeks gestation following a pregnancy marked by severe polyhydramnios from 30 weeks. His significant hypotonia, feeding difficulties and other congenital anomalies lead to a clinical diagnosis of Prader Willi Syndrome (PWS) being made shortly after birth. This was confirmed by DNA methylation analysis of the PWS/Angelman syndrome (AS) region. Subsequent FISH analysis of the PWS region on chromosome 15 with a SNRPN probe from “Supplier A” showed a normal signal on one chromosome 15 in all cells analysed but only a tiny signal on the other chromosome 15 in about half the cells, with an absent signal in the other half. This was interpreted as evidence of a smaller than usual deletion in the PWS region of this patient. FISH testing was repeated (as an anonymised sample) as part of a local Quality Assurance activity and it was discovered that the SNRPN FISH probe from “Supplier B” gave a normal signal pattern to both chromosome 15s, not confirming the presence of a deletion. The probe from “Supplier A” gave the same result as before. DNA was sent to Baylor College of Medicine for micro array analysis on a research chip targeted to the PWS/AS region. This demonstrated a unique ~1.65 Mb deletion involving the imprinting centre but not distal to the SNRPN gene. Attempts to obtain detailed information on the position and extent of the two SNRPN FISH probes are currently underway with the probe suppliers.
Pitfalls of Prenatal Molecular Studies to Detect Chromosome Abnormalities Marsha D. Speevak, Daniel DeMaria, Erin Strutt, Jo-Anna Dolling, Credit Valley Hospital
Two cases of potential prenatal misdiagnoses will be presented, illustrating the pitfalls of indirect molecular testing and how conventional cytogenetic studies remain an important part of the diagnosis and confirmation of chromosome abnormalities in prenatal cases.

The first case involved a prenatal microarray study with results consistent with Turner syndrome whereas the QF-PCR and G-banded in situ results indicated 46,XY.  The second case involved a QF-PCR result from an external laboratory (out of country) indicating trisomy 21 whereas the QF-PCR and G-banded chromosome studies performed on a repeat amniotic fluid sample were consistent with a normal karyotype.  Although new technologies such as microarray and QF-PCR have impacted significantly on the utility of cytogenetics, chromosome studies clearly continue to play an important role in the diagnosis and confirmation of chromosome anomalies in prenatal diagnosis.  
Segregation of inv(1)(p36.2q42.1) Chromosome in a Large, Multi-Generational Pedigree: Risk for Pregnancy Loss and Recombinant Offspring

McCready, M.E., Honeywell, C.,Allanson,, J.E. McGowan-Jordan, J.  Institute: Children's Hospital of Eastern Ontario

Pericentric inversions are estimated to occur in 1-2% of the general population.  The risk for recombination within these inverted segments and resultant birth of a child with an unbalanced karyotype depends largely on the chromosome involved in the rearrangement, the length

of the inverted segment and the position of each inversion breakpoint.  Wereport a large pedigree with a pericentric inversion of chromosome 1 between bands p36.2 and q42.  To our knowledge, this is the largest familial pericentric inversion ever described, comprising approximately 88% of the total chromosome 1 length.  The family was ascertained through a

single individual withthe karyotype 46,XX,rec(1)dup(1q)inv(1)(p36.2q42)mat.  The proband had multiple congenital abnormalities with features overlapping the 1q42 to qter duplication and the 1p36 deletion syndromes.  Further familial studies identified fourteen inversion carriers across five generations.

Miscarriages were reported or observed in 35.1% of pregnancies to known inversion carriers (13/37pregnancies), indicating a substantial risk for pregnancy loss associated with this inversion.  The risk for a live born child with congenital anomalies due to an unbalanced karyotype was 2.7% (1/37 pregnancies), which is lower than reported estimates for families ascertained through the birth of an individual with a recombinant derivative chromosome.  Surprisingly, of twenty individuals for whom cytogenetic results were available, other

than the proband, 14 (70%) had inherited the inv(1) chromosome, while only 6 (30%) had inherited the normal chromosome 1 homolog.  This observation deviates from the expected 1:1 ratio of carriers to non-carriers among apparently balanced offspring of inversion carriers, and suggests that the inv(1)(p36.2q42) may provide gametes with a selective advantage compared to

gametes with a normal chromosome 1.
Apparently Fragile (X) Chromosome Turns Out to be a Derivative X With a Translocation Breakpoint at Xq27; Warning When Chromosome Finding Fits Clinical Indications

Jie Xu1, Shirley Nan1,  Vicky Siu2
1Cytogenetics;  2Medical Genetics, London Health Sciences Centre, University of Western Ontario, London, ON

A 9-year-old girl was referred for cytogenetics investigation because of clinical indications of fragile X syndrome and Turner’s syndrome. Initial G-banding analysis showed one X chromosome with an apparently fragile X site at Xq27, which seemed to fit nicely with the indication of fragile X syndrome. However, further investigation, including FISH, identified an apparently balanced t(X;22)(q27.3;p11.2). This rearranged X had the 22p with a satellite translocated onto Xq27.3, which looked typical of fragile X. This case emphasizes caution to be taken in interpretation even when cytogenetics finding appears to be consistent with the clinical indications. We hypothesize that this X;22 translocation likely causes nonrandom inactivation of the derivative X, which contributes to clinical features of the Turner’s syndrome.
Molecular Analysis in Terminal Deletions of Chromosome 14: Search for the Cause of Seizures

Kamilla Schlade-Bartusiak, Georgina Macintyre, Diane W. Cox, Institute: Medical Genetics, Calgary

Email: Kamilla@ualberta.ca

Terminal deletion of chromosome 14, complicated sometimes by ring formation (r(14)), is a rare chromosomal abnormality, with about 70 patients reported in the literature. The patients usually share a number of clinical features (microcephaly, long and broad philtrum, high arched palate, epicanthic folds, hypotonia, and mild to moderate mental and developmental delay). The phenotype of r(14) patients is further complicated by early onset intractable seizures, not observed in patients with linear terminal deletions. Several hypotheses have been proposed to explain the prevalence of seizures in r(14) syndrome. These include: (1) general ring syndrome, (2) the presence of a susceptibility gene on 14q that is deleted during ring formation, (3) secondary deletions/duplications due to ring instability, (3) telomere position effect, (4) silencing of genes due to spreading of the heterochromatin, or due to repositioning within the nucleus.

We report the molecular analysis of nine patients  three with linear deletions and six with r(14). We determined the size of the deletions by FISH and/or CGH. The patients had deletions ranging from no detectable deletion to over 5 Mb. We could not identify a common region of deletion in r(14) that differed from the terminal deletions to account for the occurrence of seizures. We also compared the global gene expression in the r(14) patients with linear deletion patients. Chromosome profiling of gene expression was done using CHROMOWAVE, and did not detect marked differences in the gene expression along chromosome 14 between the two groups.

In conclusion, our studies suggest that neither a deletion of the gene/genes from ring chromosome, nor the change in chromatin architecture after ring formation, are likely to explain the seizure phenotype in r(14) patients.

Why FISHing with Bacterial Artificial Chromosome (BAC) probes: Its Application in Delineating Chromosomal Rearrangements

J.-C. Wang1,2, T. Fisker2, L. Dang1, H. Naik1, M. Nowaczyk1, I. Teshima3, M Shago3; V. Freeman1,2
1Pathology and Molecular Medicine, McMaster University, Hamilton, ON; 2Cytogenetics Laboratory, Hamilton Regional Laboratory Medicine Program, Hamilton Health Sciences, Hamilton, ON; 3Laboratory Medicine and Pathobiology, University of Toronto, Toronto, ON, Canada.

Objective: To share our experiences in using dual-color FISH with labeled bacterial artificial chromosome (BAC) probes to delineate chromosomal rearrangements.

Methods: Dual-color FISH analysis were performed on the metaphase and interphase cells. Array CGH analysis was provided by each vendor. The BAC clones were selected from the May 2004 or March 2006 University of California at Santa Cruz (UCSC) freezes, and the labeled probes were purchased from the Centre of Applied Genomics (TCAG).

Results: The BAC-FISH showed unexpected results for patients with chromosomal rearrangements. Patient 1: an apparently terminal 3q29 deletion was indeed an interstitial deletion of 3.3 Mb, with terminal 1 Mb unaffected. Patient 2: an extra band found at 4q31-q32 by G-banding was in fact a 3-Mb triplication of band 4q32.1, which supports a novel susceptibility locus for Hirschsprung's disease at this region. Patient 3: an extra chromosomal material at 18q was actually a deletion of 18q23-qter (4.6 Mb) and an inverted duplication of 18q21.1-q23 (23.6 Mb). Patient 4: an insertion of unknown chromosomal material was shown to be a tandem duplication of 3p14.2-q21.31, with 13.2 Mb in size. Patient 5: a carrier with intrachromosomal insertion from 6q13-q14.2 to 6p21.3 was revealed to have complex chromosomal rearrangements during the insertion.

Conclusions: Our studies demonstrated the utility of BAC-FISH in delineation of chromosomal rearrangements. These results may help uncover the underlying mechanisms, identify candidate genes, and contribute to genotype-phenotype correlation.

Interstitial Telomeres/Subtelomeres in Translocations and Ring Chromosomes: 

The importance of Doing a Thorough Investigation by FISH.

Fortin F1,2,3, Beaulieu Bergeron M1,2,3, Fetni R1,2, Lemieux N1,2,3. 1 

Département de pathologie et biologie cellulaire, Université de Montréal, Québec; 2Département de Pathologie et 3Centre de recherche, CHU Sainte-Justine, Québec.

Interstitial telomeres and/or subtelomeres in translocations and ring chromosomes reported in the literature still raise interest about their frequency and clinical management. In this study, we reviewed all cases of translocations and ring chromosomes seen at CHU Sainte-Justine between 1996 and 2006. Cases where one of the breakpoints included a terminal band, as evaluated by GTG-banding karyotypes (500 bands minimum), were selected. By FISH, we assessed the presence of interstitial telomeres for 22 cases (14 translocations and 8 ring chromosomes), and subtelomeres were performed on 10 of these. We present here seven cases, which demonstrated interstitial telomeres and/or subtelomeres. Four cases of translocation and two cases of ring chromosomes presented interstitial telomeres and subtelomeres: [case 1] 46,XY,der(9)t(7;9)(q32.3;q34.4), [case 2] 45,XY,der(20) t(15;20)(q14;p13), [case 3] 46,XY,der(21)t(14;21)(q24;q22.3)[25]/46,XY[5], [case 4] 45,X, t(Y;13)(p11.3;p!

 11.2), [case 5] 46,XX,r(4)(p16q35) and [case 6] 46,XX,r(20) (p13q13.33)[45]/46,XY[90]. As for the seventh case presented, 46,X,t(X;1)(q22;p36.3), no interstitial telomeres were observed on both derivative chromosomes. However, interstitial subtelomeres from chromosome 1p were present on both the der(1) and the der(X), while the Xp subtelomere was only found on the der(1). This indicates that the breakpoint on the der(1) was located within the 1p subtelomere or between the regions recognized by these two probes. This study thus illustrates the necessity of performing FISH with both telomeric and subtelomeric probes in such rearrangements, as breakpoints may be located in between the two studied sequences. Additionally, it further corroborates the reported low frequency of interstitial telomeres in ring chromosomes and translocations.
Prenatal Diagnosis of a De Novo Unbalanced X-autosome Translocation by Array-CGH in a Female Fetus with an Increased Nuchal Translucency 

E. Kolomietz1, J. Mazurkiewicz1, D. Chitayat2  1) Pathology and Lab. Medicine; 2) Prenatal Diagnosis and Medical Genetics Program; Mount Sinai Hospital, University of Toronto, Ontario, Canada
Increased nuchal translucency (NT) in the first trimester of pregnancy has now been clearly identified as a marker for aneuploidies. We report a prenatal case with microarray comparative genomic hybridization characterization of an abnormal derivative chromosome X identified through increased NT. Amniocentesis was performed because of an increased NT and revealed an abnormal de novo karyotype: 46,X,add(X)(q27). To characterize the origin of the additional material on the long arm of chromosome X, we performed an aCGH analysis using CytoChip (BlueGnome Ltd., Cambridge, United Kingdom) microarray providing an average of 0.5 Mb resolution. aCGH revealed a deletion of the distal portion of the long arm of chromosome X and a duplication of the terminal portion of the short arm of chromosome 18. Therefore, the fetus carries a derivative chromosome X arising from a de novo unbalanced translocation: der(X)(t(X;18)(q28;p11.31). aCGH based breakpoint mapping allowed precise characterization  of segmental aneuploidy. The deleted Xq28 region includes the region containing the gene MECP2. Deletion of this gene is found in females with Rett syndrome. aCGH analysis is a powerful tool to identify small de novo unbalanced chromosomal abnormalities and can be successfully applied in prenatal diagnosis.
Copy Number Variation (CNV) and its Analysis in Diagnostic Testing

Catherine F. Li1, Deborah Terespolsky2, Sandra A. Farrell2 and Ronald F. Carter1
McMaster University1 and Credit Valley Hospital2

Copy number variation (CNV) is defined as a DNA segment longer than 1 Kb and with a variable copy number compared to the reference genome. CNVs play a very important role in the evolution of genes, divergence of species and pathogenesis of genomic disorders. A girl was referred for chromosome testing because of severe global developmental delay, dysmorphic features and involuntary hand movements. MRI of the brain was normal. Chromosomes were normal female. Methylation analysis indicated biparental copies of the Angelman syndrome locus. There were no mutations or large gene rearrangements in the MECP2 gene. Genomic DNA was isolated from her and both parents, and assayed by Signature Genomics. The array CGH results showed she has two deletions, a 4q28.3 deletion inherited from her phenotypically normal mother: arr cgh 4q28.3 (RP11-940E8, RP11-1055M1)x1 mat, and an 8p23.2 deletion inherited from her phenotypically normal father: arr cgh 8p23.2(RP11-728L1, RP11-361M3, RP11-158A14)x1 pat. The deleted region at 4q28.3 is about 300 Kb in size and matches to a CNV region described in the CNV database for healthy controls, while the deleted region at 8p23.2 is about 360 Kb in size and is found in the CNV databases for healthy controls and for affected individuals. There are no reports of genomic imprinting at either 4q28.3 or 8p23.3. We reviewed the current literature on the guidelines for analyzing the significance of CNV in diagnostic testing. A possible cause of the phenotype in this case is unmasking of a recessive condition at the deletion site(s).
A (dic)ey Family Situation
Rosanna Esligar, Technologist, Cytogenetics Laboratory*

Mary Ann Thomas, MD, CM, FRCPC, FCCMG, Department of Medical Genetics

Alberta Children's Hospital, Calgary, AB.


An amniotic fluid sample was received from a 34-year-old woman who had a positive nuchal translucency screen, which increased her risk for trisomy 21 to 1/136.  In addition, cardiac anomalies and mild shortening of the femoral and humeral long bones were seen on the 18 week ultrasound.

This couple has a healthy son and had one spontaneous miscarriage at 7 weeks’ gestation. This woman’s sister had 3 first trimester spontaneous miscarriages and has 2 healthy sons. The fetal karyotype was an abnormal female, with one structurally abnormal X chromosome consisting of the long arms of both an X chromosome and a chromosome 20, joined near the centromeres. This results in trisomy of 20q and monosomy of Xp. This was initially described as a derivative X.

FISH studies on the abnormal X showed that it possesses both the X inactivation centre and the X centromere.  In addition, the short arm consists entirely of chromosome 20 material while the long arm consists entirely of X chromosome material. Further FISH studies revealed the presence of a chromosome 20 centromere, demonstrating that the derivative chromosome is actually dicentric, making the fetal karyotype 46,X,dic(X)t(X;20)(q11.2;q11.2). 

Parental chromosome studies showed that the mother carries an apparently balanced reciprocal translocation between chromosomes X and 20, with one derivative being a dicentric chromosome like that seen in the fetus, and the other derivative consisting of 20p material, Xp material and possessing the X centromere, making it a derivative X. This demonstrates that the breakpoints occurred proximal to the centromere on 20p, and within the centromere on the X chromosome.  This family demonstrates the inheritance of a dicentric chromosome.
*Cytogenetic analyses by Stephen Wells, Kathy Bowser, Rosanna Esligar.
Chromosomal Microdeletions and Microduplications in Individuals with Autism Spectrum Disorders

JJA Holden, X Liu, Y Qiao, P Malenfant, M Hudson, I Cohen, A Chudley, C Forster-Gibson, MJ Hildebrand, E Rajcan-Separovic, MES Lewis; Institute: Queen's University

We have been using CGH arrays and the Affymetrix 5.0 SNP array to examine the genomes of individuals on the autism spectrum in order to identify chromosomal regions and genes associated with a high risk for autism spectrum disorders (ASDs). For each probable pathogenic abnormality, the following protocol is followed:



 Describe the clinical, medical, and behavioural phenotypes of the individuals with the chromosomal abnormalities



 Determine whether the changes are de novo or inherited



 Determine the breakpoints of the deletions/duplications and whether there are duplicons or other repeated sequences at the breakpoints, that could account for their origin and possible recurrence



 Identify likely candidate genes within the deleted/duplicated regions, and test for association with ASD in multiplex and simplex families (case-control and family-based association studies)



 Screen at least 800 individuals with ASDs and 500 controls for the presence of the same abnormality using molecular methods when there is a high probability that the abnormality is recurrent 

Some of the cases we have studied will be presented and include:



 Del(2p)(15-16.1)



 Dup(7q)(11.23)



 Del(5p)(15.2)



 Del(Xp)(11.2)

The value of this comprehensive approach is discussed in the context of identifying additional cases with similar phenotypes and the description of new microdeletion and microduplication syndromes.
Detection of Microduplication of 22q11.2 by Interphase Fluorescence in situ Hybridization (FISH) 

Viola Freeman (presenter) and Jack Wang, Hamilton Regional Laboratory Medicine Program, Hamilton Health Sciences

DiGeorge/Velocardiofacial (DG/VCF) syndrome, deletion of chromosome 22q11, is the most common microdeletion syndrome in humans. Because of the misalignment of the low-copy repeats at 22q11 during meiosis, we would expect as many reciprocal recombinant events resulting duplication as deletion. However, less than 30 microduplication cases have been reported. 

Last year in the Hamilton Cytogenetics Laboratory four cases of microduplication 22q11.2 have been identified and confirmed using chromosomal analysis, metaphase and interphase FISH and CGH microarray. Clinical indications suggested velocardiofacial features in all cases. One of the four cases is of maternal inheritance; two were newborn and one was stillborn with no parental follow up to indicate de novo or familial. Routine chromosome analysis was performed and TUPLE1 (Vysis) signals were scored using metaphases and interphases in all the cases. Confirmatory testing using BAC probe RP11-316L10 and CGH array (Baylor College Medicine Lab) were performed on the familial case.

Almost all of the microduplication patients have been ascertained because of the overlapping features with DG/VCF. Mild degree of expression and non-specific association of clinical findings in combination with technical limitations may have resulted in an underestimation of the real incidence of these abnormalities. Modification of laboratory protocols in handling DG/VCF samples may be necessary to improve the ascertainment of the 22q microduplication syndrome.
Session III: New Technologies

Nuclear FISH Automation

Gilbert B. Côté, Sudbury Regional Hospital

Automated FISH scanners are more rapid and accurate than people, but despite having increased possibilities and different requirements, their superiority is not always exploited to the fullest and there are no clinical guidelines specific to automated scanners.  A new investigative approach makes the software include all possible fluorescent patterns in the analysis, thus avoiding the rejection of relevant information and consequent bias. The statistical interpretation of the fluorescent pattern distributions is done with a maximum likelihood estimation of the most likely proportions of various cell lines in the sample and thus determines the diagnosis and the level of mosaicism in a single step.  This method requires the scanning of fewer nuclei, much less effort for test validation, and it makes the interpretation of results more accurate, faster and simpler.
Programmable Lab-on-a-Chip System in Nanomedicine

Thalhammer, S., Daniela Woide, Helmholtz Zentrum München, German Research Center for Environmental Health, Institute of Radiation Protection, Ingolstädter Landstrasse 1, 85764 Neuherberg, Germany
Here we present a multifunctional programmable Lab-on-a-Chip driven by nanofluidics and controlled by surface acoustic waves (SAW). This will combine the serial DNA-isolation-, amplification- and array-detection-process on a modified glass-platform. The fluid actuation is controlled via SAW by interdigital transducers implemented in the chemical modified chip surface. The chemical surface modification allows fluid handling in the sub-microliter range. Minute amount of sample material is extracted by AFM or laser-based microdissection out of e.g. histological sections. A few picogram of genetic material are isolated and transferred via a low-pressure transfer system onto the chip. Subsequently the genetic material inside single droplets, which behave like “virtual” beaker, is transported to the reaction and analysis centers on the chip surface via surface acoustic waves, mainly known as noise dumping filters in mobile phones. At these “biological reactors” the genetic material is processed, e.g. amplified via polymerase chain reaction methods, and genetically characterized. In combination with AFM-force spectroscopy to determine the elasticity of the biological sample in the nanometer range, we show examples in the field of cytogenetics, pathology and forensics.

Single Copy Hybridization Probes for High Resolution Genomic Diagnosis  

J.H.M. Knoll1  and  P.K. Rogan,2. Departments of  Pathology 1 and Biochemistry2, Schulich School of Medicine and Dentistry, University of Western Ontario, London, Canada  
Single copy (sc) genomic probes are prepared from short, unique genomic sequences (<10 kb) with precisely-defined chromosomal locations. We have used them for high-resolution, genetic hybridization analysis of congenital abnormalities and cancer by FISH (Am J. Med. Genet. 121A: 245, 2003) and quantitative microsphere hybridization (QMH) (Hum. Mut. 27:376, 2006) to detect cryptic and subtle abnormalities  and localize the sites of chromosome rearrangements.  scFISH has been used to: (a) discriminate among patients with the same microdeletion syndrome, (b) identify previously undetected, subtelomeric imbalances, (c) detect chromosomal inversion and (d) precisely delineate translocation sites in leukemia.  QMH is a flow cytometry-based assay that determines copy number by hybridization of labeled patient DNA with sc probes attached to spectrally-distinct microspheres. Copy number differences are distinguished by comparing mean fluorescence intensities of diagnostic probes with biallelic reference probes in multiplex assays. QMH probes are 10 to 20 fold smaller than scFISH probes. These short sc intervals have a higher density in the genome, enabling QMH to further increase the resolution of detection of small chromosomal imbalances.  The plethora of sc probes has motivated us to  develop strategies to streamline selection of the most appropriate probe(s) to customize chromosome analyses.  We will describe a genome-wide resource that is under development for selecting sc probes for virtually any chromosomal interval.    Partial support by R21CA95167 and R41CA112692.
Integration of Genomic Microarray Analysis in Cytogenetics Diagnostics

Jim Stavropoulos and Mary Shago

Division of Molecular Genetics, Department of Pediatric Laboratory Medicine, The Hospital for Sick Children
Cytogenetic evaluation of children with developmental abnormalities is important for achieving a clinical diagnosis, which can facilitate disease management and family planning. Genomic microarray analysis of children with developmental disorders is quickly becoming adopted by Clinical Geneticists, as it has been shown to increase the detection rate of chromosomal abnormalities in this patient population.  Our laboratory is currently collaborating with clinicians in the Division of Clinical and Metabolic Genetics at The Hospital for Sick Children to provide microarray analysis as an adjunct to G-banding analysis. We are using the BlueGnome CytoChip microarray platform, which provides whole genome coverage with median resolution of 0.56 Mb, and enriched coverage of sub-telomeric and known clinically relevant regions. We will overview results, and discuss cost and technical considerations related to the implementation of this microarray platform in the Cytogenetics Laboratory at The Hospital for Sick Children.

Snapshots of New Development in Molecular Cytogenetics 

Jie Xu
Cytogenetics, London Health Sciences Centre, University of Western Ontario, London, ON

This presentation is to discuss two emerging and novel molecular cytogenetics methods I observed during my recent training in Dr. Thomas Liehr’s Lab, University of Jena, Germany.  One is FISH detection of uniparental disomy. Another is study of numerical and structural chromosomal anomalies in interphase nuclei. These approaches, while still work in progress, appear to be very promising in research and diagnosis of cytogenomic rearrangements and cancer and constitutional diseases. 
Forensic DNA: Past, Present, And Future
John S. Waye. Department of Pathology & Molecular Medicine, McMaster University, Hamilton ON

In crimes of violence such as murder and sexual assault, it is virtually impossible not to have biological material left at the crime scene or transferred between the participants. The key to solving such cases often depends on the ability of the forensic scientist to identify the individual(s) from whom the biological evidence samples originated. Analysis of polymorphic DNA markers provides a powerful tool for obtaining a positive identification of the source of trace biological evidence associated with forensic casework. This presentation will review the short history of forensic DNA profiling from the first cases 20 years ago to the present day situation where DNA profiling is a routine investigative tool in criminal investigations. Actual forensic cases will be used to highlight the importance of the DNA evidence in criminal investigations. The success of Canada’s National DNA Data Bank will be discussed.

Rapid Evolution and Convergence of Microarray-Based Molecular Karyotyping

David H. Ledbetter, Department of Human Genetics, Emory University, Atlanta, GA

There is an explosion of new molecular technologies for genome-wide, high resolution detection of gene dosage alterations, including aCGH using BAC clones or oligonucleotides, and quantitative SNP microarrays and beadchips. All of these technologies are robust and accurately identify single copy changes in copy number of chromosomal segments. These molecular karytoyping technologies offer significant advantages over conventional karyotyping in the evaluation of children with unexplained mental retardation. In addition to multiple technology platforms, there has been a proliferation of different microarray designs representing “home-brew” or custom-designed tests by individual CLIA laboratories. This diversity of designs and claims for clinical utility has been confusing to clinicians and poses significant challenges for assuring quality control in this rapidly evolving segment of genetic testing. After several years of sometimes contentious differences of opinion on the relative merits of “targeted” vs. “whole-genome” microarray designs, virtually all laboratories and manufacturers have converged on a combined “targeted plus whole-genome” strategy for Molecular Karyotyping. However, the criteria for inclusion of clinically relevant targets on these microarrays may not follow a systematic, evidence-based process. Analogous to the successful effort to develop a Uniform Panel for Newborn Screening in the United States, we think it is possible to develop a process for an evidence-based, Uniform Molecular Karyotype design. We have engaged a group of clinical geneticists, clinical laboratory geneticists and bioinformatics experts to address the feasibility of developing a Uniform Molecular Karyotype as well as a Shared National Database for pathogenic and benign gene dosage imbalances. The major areas of discussion and consideration have been 1) Define what the intended use and clinical utility of a Molecular Karyotype should be and develop an evidence-based process for a uniform design. This design will be technology platform independent, with the common data output as genome sequence coordinates of copy number gains or losses. The initial clinical utility will be defined in terms of postnatal testing of children with unexplained developmental delay/mental retardation. Mechanisms will be developed for broad-based community input to nominate additions, deletions or changes in the Uniform Molecular Karyotype design/content with expert panel review. 2) Develop guidelines for a shared database for clinical laboratories performing Molecular Karyotyping to accelerate the empiric data acquisition and “data mining” process to create a Human Gene Dosage Map by differentiating pathogenic vs. benign gene dosage imbalances. This database would be complementary to the Database of Genomic Variants (http://projects.tcag.ca/variation/) which represents data from normal populations. 3) Address new training and educational requirements both for laboratory geneticists to perform Molecular Karytoyping as well as for clinicians utilizing and interpreting such tests in their clinical practice. These needs include understanding the technology capabilities and limitations, but more importantly the required skills in genomics and bioinformatics necessary for appropriate clinical interpretation.
Allen Gardner Memorial Lecture
From Microscope to Microarray: 50 Years of Human Clinical Cytogenetics

Dr. Dorothy Warburton, Professor of Clinical Genetics and Development, Columbia University, New York, New York

I will attempt to tell the story of 50 years of advances in cytogenetics with examples from both my own and others’ experiences.

The discipline of cytogenetics involves the study of chromosomal structure and behaviour.  The first observation of a human chromosome disorder was reported by Jerome Lejeune before publication in 1958 at a meeting at McGill University when I was a graduate student. In the succeeding fifty years human cytogenetics has gone through a series of changes, each of which has improved the resolution of chromosome analysis. With each step the proportion of human morbidity and mortality which can be attributed to changes in chromosome dosage or rearrangement has increased, until we now know that at least 1/150 of newborns and 30-40% of all conceptions have a chromosomal error.  Studies of gene dosage by microarray are now showing that variations in the range of hundreds of kilobases are common throughout the genome, and also are responsible for pathology in cases that had normal chromosomes by microscope-based techniques.  Cytogenetics labs sometimes fear that the day of the microscope is coming to an end.  However, standard cytogenetic analyses will still be necessary, both to reveal balanced rearrangements which have important indications for genetic counseling and to verify and interpret microarray findings. 

At the same time as diagnostic cytogenetics has been making strides, research at the more basic level has focused on the mechanisms by which chromosome rearrangements and aneuploidy occur so frequently in our species. Our genome structure may predispose us to some kinds of rearrangements, while the meiotic arrest in female gametogenesis may predispose to aneuploidy.
