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Two regular articles on improved diagnosis of rare disease patients through systematic detection of runs of 
homozygosity and design and development of a fully synthetic multiplex ligation-dependent probe 
amplification–based probe mix for detection of copy number alterations in prostate cancer archived tissue 
samples, and a review article on the prognostic and predictive molecular biomarkers in chronic lymphocytic 
leukemia were selected for the September and October 2020 JMD CME Program in Molecular Diagnostics. 
The authors of the referenced articles, the planning committee members, and staff have no relevant financial 
relationships with commercial interests to disclose.  
 
Questions #1-6 are based on Lee J, Wang YL; Prognostic and Predictive Molecular Biomarkers in Chronic 
Lymphocytic Leukemia. J Mol Diagn 2020, 22: 1114-1125 
 
Questions #7-8 are based on Matalonga L, Laurie S, Papakonstantinou A, Piscia D, Mereu E, Bullich G, 
Thompson Horvath R, Pérez-Jurado L, Riess O, Gut I, van Ommen G-J, Lochmüller H, Beltran S, RD–Connect 
Genome-Phenome Analysis Platform and URD-Cat Data Contributors; Improved Diagnosis of Rare Disease 
Patients through Systematic Detection of Runs of Homozygosity. J Mol Diagn 2020, 22: 1205-1215 
 
Questions #9-12 are based on Ebrahimizadeh W, Guérard K-P, Rouzbeh S, Bramhecha YM, Scarlata E,  
Brimo F, Patel PG, Jamaspishvili T, Aprikian AG, Berman D, Bartlett JMS, Chevalier S, Lapointe J; Design and 
Development of a Fully Synthetic Multiplex Ligation-Dependent Probe Amplification–Based Probe Mix for 
Detection of Copy Number Alterations in Prostate Cancer Formalin-Fixed, Paraffin-Embedded Tissue Samples. 
J Mol Diagn 2020, 22: 1246-1263 
 
Upon completion of this month’s journal-based CME activity, you will be able to: 
 

• Understand chronic lymphocytic leukemia (CLL) 
• Distinguish between prognostic and predictive CLL biomarkers. 
• Discuss the potential and preferential use of various prognostic and predictive biomarkers in CLL 

patient management. 
• Explain the molecular mechanism of ibrutinib resistance in CLL patients. 
• Define autozygosity and list its effects on rare diseases. 
• Describe the newly reported approach to detect consanguineous offspring from exome sequencing 

data and increase the efficiency of molecular diagnosis by combining variant filtering and homozygosity 
mapping. 

• Describe the design and rigor of a multiplex ligation-dependent probe amplification (MLPA)-based 
assay using a fully synthetic probe mix to detect copy number alterations in prostate cancer archived 
tissue samples. 

 
1. Chronic lymphocytic leukemia (CLL) is the most common leukemia in the Western countries, 

with a mean diagnosis age of 72 years and a 2:1 male/female incidence ratio. CLL is a 
hematological malignancy defined by the presence of ≥ 5 X 109 /L (or 5000/mL) B lymphocytes in 
the peripheral blood for >3 months. The tumor cells are mature CD19+ B cells with a typical 
immunophenotype of CD5 and CD23.  Although the leukemia is generally considered an 
indolent disease, its disease course is highly variable among patients. Approximately one third 
of patients have an indolent disease that may not need any treatment, another approximately 
one-third may progress in several years after diagnosis, and the last one-third require 
immediate treatment. Several molecular and genomic biomarkers help with the current 
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molecular diagnostic practice. Based on the referenced review article, select the ONE best 
TRUE statement: [J Mol Diagn 2020, 22: 1114-1125] 

 
a. Prognostic markers are biomarkers that are related to extrinsic factors, such as therapeutic 

interventions. 
b. Predictive markers refer to biomarkers that can provide information regarding the patient’s outcome 

regardless of treatment.  
c. Predictive biomarkers are normally intrinsic characteristics of the patients or characteristics of the 

patients’ tumors. 
d. Prognostic markers are often assessed prior to treatment to guide decisions on whether to treat or 

not to treat a patient. 
 

2. The presence of a clonal population of B cells (>5000/mL) with surface CD5 and CD23 
expression assessed by flow cytometry is diagnostic in most cases of CLL. Molecular and 
cytogenetic testing play a role only in differential diagnosis, to help exclude other entities, such 
as mantle cell lymphoma or lymphoplasmacytic lymphoma, in cases where the presentation is 
atypical and overlaps with CLL. On the other hand, several genomic and molecular markers 
have been established in assessing CLL prognosis. Specifically, the National Comprehensive 
Cancer Network guideline recommends using TP53 genetic alterations, immunoglobulin heavy 
chain (IGHV) mutation status, and several well-established cytogenetic markers for CLL 
prognostication. Based on the referenced review article, select the ONE best TRUE statement: 
[J Mol Diagn 2020, 22: 1114-1125] 

 
a. Deletion 17p invariably involves the TP53 gene at 17p13 locus, and commonly co-occurs with TP53 

mutation on the other allele.  
b. TP53 mutations are specifically splicing mutations, and usually involve the DNA binding domain 

encoded between exon 4 and exon 8. 
c. Only a few of these mutations abolish the function of TP53 as a tumor suppressor. 
d. Both the inactivation of a single TP53 allele and bi-allelic TP53 inactivation are associated with similar 

poor overall survival in all populations, both treated and untreated CLL patients. 
 

3. Several genomic and molecular markers have been established in assessing CLL prognosis. 
Specifically, the National Comprehensive Cancer Network guideline recommends using TP53 
genetic alterations, IGHV mutation status, and several well-established cytogenetic markers for 
CLL prognostication. Of these, TP53 mutations, IGHV unmutated status, del(17p), and del(11q), 
as well as complex karyotype (the presence of three or more unrelated clonal chromosomal 
abnormalities in a sample), are associated with poor prognosis. Normal karyotype and trisomy 
12 are considered as intermediate prognostic factors, whereas del(13q) is associated with a 
favorable prognosis. The good prognosis marker del(13q) ), the most common genetic 
aberration, is 48% in untreated patients versus a lower frequency of 33% in patients who 
received therapies. Based on the referenced review article, select the ONE best TRUE 
statement: [J Mol Diagn 2020, 22: 1114-1125]  
 
a. Del(13q) mutation is found in close to one-third of CLL patients. 
b. Del(13q) involves the DLEU2 gene, which includes the miRNA miR-15a and miR-16-1 cluster, 

which up-regulates the anti-apoptotic gene BCL2. 
c. Deletion of miR-15a/miR-16-1 promotes CLL survival through increased BCL2 expression. 
d. The presence of del(13q) alone, in the absence of other cytogenetic abnormalities, is associated 

with worse prognosis in CLL, although patients with smaller deletions may have a more aggressive 
disease than those with one DLEU2 deletion. 
 

4. ATM serine/threonine kinase (ATM) is a core regulator of the DNA damage response pathway. 
ATM mutations are reported in approximately 12% of CLL cases. Based on the referenced 
review article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 1114-1125] 

 
a. In a reported mouse model, a combination of SF3B1 K700E mutation and ATM up-regulation is 

required to induce CLL disease. 
b. ATM mutations consist of both missense and truncating mutations, distributed throughout many 

exons, with no particular hot-spot regions. 
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c. A portion of the ATM mutations is of germ-line origin, which is pathogenic, and requires the 
collection of germ-line DNA for determination. 

d. Del(11q) mutations commonly occur together with the ATM mutations. 
 

5. Despite having 80% to 90% response rate, 10% to 15% of CLL patients, who respond initially, 
develop ibrutinib resistance and disease relapse after 2 to 3 years on ibrutinib treatment. Based 
on the referenced review article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 
1114-1125] 

 
a. The BTK C481S mutation promotes ibrutinib to form a covalent bond with the C481 residue that 

strengthens the drug-BTK binding by 500-fold. 
b. The BTK C481S mutation prevents BCR signaling and cell proliferation in the tumor cells. 
c. C481 is a hot spot for the acquired BTK mutations, which can only be mutated to serine residue. 
d. BTK T316A mutation functionally confers ibrutinib resistance in a similar manner to C481S mutation. 

 
6. Prognostically significant chromosomal abnormalities are frequently detected using 

fluorescence in situ hybridization (FISH), array comparative genomic hybridization (ACGH), or 
conventional karyotyping. Based on the referenced review article, select the ONE best TRUE 
statement: [J Mol Diagn 2020, 22: 1114-1125] 

 
a. FISH offers high sensitivity and specificity; however, it requires prior knowledge of chromosomal 

lesions for the probe designs. 
b. FISH is a powerful technique to determine the presence or absence of complex cytogenetic 

abnormalities. 
c. Like FISH, karyotyping and ACGH also provide genome-wide coverage. 
d. Karyotyping uncovers more genomic abnormalities than ACGH. 
 

7. It is estimated that 350 million individuals worldwide are afflicted with one of approximately 
7000 existing rare diseases (RDs). The low prevalence of each disease and the high 
heterogeneity and variability of clinical symptoms make diagnosis and accessibility to 
appropriate treatment a real challenge. As emphasized by the International Rare Disease 
Research Consortium, progress in this field requires identification of RDs and their causes to 
develop appropriate treatments, and as 80% of RDs are thought to have a genetic origin, 
particular emphasis has been placed on the rapidly expanding development of genomic 
technologies. Based on the referenced article, select the ONE best TRUE statement: [J Mol 
Diagn 2020, 22: 1205-1215] 

 
a. Autozygosity, as a result of consanguineous mating, has long been known to be a risk factor for 

RDs of genetic origin. 
b. Autozygosity may reduce genetic variation and frequency of homozygous genotypes for deleterious 

alleles, and increase population viability. 
c. The deleterious consequences in populations with higher prevalence of consanguinity, due to 

physical or cultural isolation, have been widely reported, and many rare recessive disease genes 
have been identified by homozygosity mapping in which vey small regions flanking the disease-
causing variant are expected to be identical by descent in affected individuals whose parents are 
unrelated. 

d. About half of autosomal recessive rare disorders occurring in families with any known 
consanguinity are caused by heterozygous variants located in regions likely identical by descent. 

 
8. Next-generation sequencing technologies, and more specifically exome sequencing (ES), are 

increasingly used for diagnostics and require methods and approaches to decrease the 
turnaround time of mutation detection. Autozygosity is known to be associated with an 
increased risk of genetic RD and is thus a relevant factor to take into consideration when 
undertaking clinical genetic studies. The authors of the study present an approach to detect 
consanguineous offspring from ES data and increase the efficiency of molecular diagnosis by 
combining variant filtering and homozygosity mapping. To demonstrate the usefulness of this 
approach, they analyzed ES data from the RD-Connect GPAP. Based on the referenced article, 
select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 1205-1215] 
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a. The proposed model is dependent on the sequencing facility, size, and type of the exome capture 
kit used to perform ES. 

b. The thresholds established in the study for identification and reporting of possible offspring 
consanguinity are specific to clinical laboratory, and depend on the sequencing facility and the 
library approach used for ES. 

c. The reported model should be adapted if the dataset to be tested is from a population in which 
consanguinity may be elevated because of culturally and socially favored consanguineous 
marriages and/or geographic isolation. 

d. The reported data set is strongly biased toward Asian individuals, and similar studies still need to 
be performed on larger ES data sets to set specific consanguinity ranges by ethnicity as these 
results showed a tendency toward increased total ROH size in Europeans compared to Hispanics. 

 
9. The key challenge in the management of early prostate cancer (PCa) is to distinguish between 

indolent disease and clinically significant tumors. Based on the referenced article, select the 
ONE best TRUE statement: [J Mol Diagn 2020, 22: 1246-1263] 

 
a. Current prognostic parameters, such as pre-operative PSA levels, clinical staging, and Gleason 

grading of biopsy specimens, accurately predicts individual clinical outcome. 
b. Genomic profiling has identified potential prognostic markers that can improve risk stratification and 

provide better assessment of PCa disease status.  
c. Loss of expression of tumor suppressor protein, such as PTEN, can be assessed on tissue section 

by a standard immunohistochemistry assay and has been associated with better clinical outcome. 
d. The development of multiplex DNA-based assays has clearly surpassed RNA-based markers as 

DNA holds several advantages, such as its resistance to degradation and its stability in various 
physiological and environmental conditions. 

 
10. In the context of prostate tumor tissue heterogeneity and to estimate the minimum content of 

cancer cell DNA to accurately call copy number alterations (CNAs) with multiplex ligation-
dependent probe amplification (MLPA), a series of samples containing increasing percentages 
of PC-3 DNA (0% to 100%) over normal human male genomic DNA was used as a template for 
MLPA. Based on the referenced article, select the ONE best TRUE statement: [J Mol Diagn 2020, 
22: 1246-1263] 
 
a. Fresh female genome was used as the reference sample.  
b. Using predefined cutoffs to call CNAs, amplification of MYC, deletion of PTEN and RB1, and 

one copy gain of MAP3K7 could be accurately detected when the PC-3 genome was at least 
at 10%, 60%, 90%, and 80%, respectively.  

c. If the CNA calls are made on the basis of the 95% CI, 50% of deletions and gains can be 
detected when the percentage of PC-3 genome is as low as 30% while MYC amplification is 
still detectable at 50%.  

d. Low-grade tumors often have lower tumor contents and high CNA levels that allow 
performing prognostic assays in clinical samples. 

 
11. A detailed molecular classification of PCa and its associated prognostic value relies on the 

detection of multiple genomic alterations. Based on the referenced article, select the ONE best 
TRUE statement: [J Mol Diagn 2020, 22: 1246-1263] 
 
a. FISH, the routine CNA detection method for tissue sections, is extremely suitable for high-

throughput assessment of CNA signatures. 
b. Standard array CGH method and whole genome next-generation sequencing (NGS) allow a 

genome-wide survey of CNAs, and are especially useful for FFPE prostate biopsy specimens.  
c. Variations of the array CGH method, allow the call of CNAs out of the DNA extracted from FFPE 

prostate tissue samples. 
d. MLPA is rarely used in human genetic test centers to validate new NGS-based tests. 

 
12. To investigate the accuracy of CNA detection by the designed probe mix, CNA results obtained 

from MLPA were compared with published array CGH CNA results of PCa cell lines. Although 
these studies have used a different technique with different set of probes with a lower 
resolution than MLPA, results show a positive correlation between MLPA and array CGH data, 
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except for the CHD1 intron 1 probe. CHD1 is a large gene (74,569 bp) that spans over two 
cytobands (5q15-5q21.1). A CNA that would not span the entire CHD1 gene in some cell lines, 
such as PC-3, may explain a lack of positive correlation of the MLPA intron probe (5q21.1), 
whereas the exon probe (5q15) correlates with array CGH (5q15). Accordingly, the CNA would 
extend over both cytobands in LAPC4 cell line as both probes correlate. This hypothesis could 
be tested by mapping the CNA area in those cell lines with multiple MLPA probes. Nevertheless, 
both probes were effective at detecting 18 of 20 CHD1 deletions identified by MLPA in clinical 
samples, and the remaining two deletions were recognized by either the intron or the exon 
probe. The results of the discussed study indicate that MLPA is capable of detecting copy 
number imbalances in homogeneous samples such as cell lines, the accurate detection of 
genomic alterations in heterogeneous samples, such as primary prostate cancers, is more 
challenging. Based on the referenced article, select the ONE best TRUE statement: [J Mol Diagn 
2020, 22: 1246-1263]  
 
a. The main reason for discrepancies in primary prostate cancers is intrinsic to the prostate tissue per 

se, and the heterogeneous tumor content used for genomic DNA extraction, which contains tumor 
DNA mixed with varying proportions of DNA from surrounding benign glands and stroma.  

b. The dilution effect can increase the sensitivity of MLPA, and unsuspected DNA sequence variations 
at the probe hybridizing site may lead to MLPA false-negative results.  

c. The use of 95% CI for each probe within the reference population and test samples to detect CNAs 
allows calculation of the range of variations seen for each locus in reference samples but precludes 
detection of alterations outside what is normally seen in healthy tissues, thereby providing a less 
accurate measurement of CNAs.  

d. Compared with MLPA data analysis, FISH on the test clinical samples resulted in a median 
sensitivity of 80% and a specificity of 93% compared with the conventional cutoff point approach, 
with the sensitivity of 14% and specificity of 100%.  
 


