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Lecture 27: Meta-Analysis of CLL Studies

• Background on CLL

• CLL on U95 Arrays

• CLL on the Lymphochip

• Research Genetics GeneFilters

• Meta-Analysis

• Predicting Mutation Status
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Background on CLL

Chronic lymphocytic leukemia (CLL) is the most prevalent
leukemia in the western world, accounting for 25% of all
leukemias in the US.

The median survival is about 9 years, but may be as short as 1 or
2 years even in early stage patients.

Traditional prognostic factors (including clinical stage, gender,
pattern of bone marrow involvement, lymphocyte doubling time,
and serum β2 microglobulin) do not adequately account for the
heterogeneity in outcome.
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Somatic hypermutation status

One of the most promising new markers of prognosis in CLL is
the somatic hypermutation (SHM) status of the immunoglobulin
heavy chain variable region (IgVH) genes.

When normal B cells are exposed to antigens, they migrate to the
germinal center (GC) of the lymph nodes where the IgVH genes
are mutated. This process is believed to contribute to the immune
system’s ability to respond adaptively to pathogens.

• About 40% of CLL patients have unmutated IgVH genes and a
poor prognosis (median survival: 8 years);

• The other 60% have mutated IgVH genes and a better
prognosis (median survival: 25 years).
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The Structure of an Antibody
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Combinatorial Antibody Diversity

• Kappa Light Chain

• Chromosome 2p11
• 1 constant region (IGKC)
• 5 joining regions (IGKJ)
• 31–35 variable regions

(IGKV)

• Lambda light chain

• Chromosome 22q11
• 4–5 constant regions (IGLC)
• 4–5 joining regions (IGLJ)
• 29–33 variable regions

(IGLV)

• Total of ∼ 160 light chains

• Heavy chain

• Chromosome 14q32
• 9 constant regions (IGHC)
• 23 diversity regions (IGHD)
• 6 joining regions (IGHJ)
• 38–46 variable regions

(IGHV)

• Total of ∼ 6, 000 heavy chains

• Roughly 1, 000, 000 different
antibodies achieved by
combinatorics
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Somatic Hypermutation (SHM)

Additional antiboidy diversity is provided by the deliberate
introduction of mutations into the immunoglobulin genes. After B
cells are exposed to antigen, they mature in the lymph nodes,
where the IGHV gene undergoes SHM.

• IGVH region spans about 1.3 Mb on chr. 14.

• Individual IGHV genes are 300–500 bases long.

• Mustdetermine which IGVH gene is being used, sequence full
length, and compare it to germline

• Mutated: homology ≤ 98%
• Unmutated: homology > 98%

• Sequencing is difficult and expensive
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CLL on U95A Arrays

Reference: Klein U, et al. (2001) Gene expression profiling of B
cell chronic lymphocytic leukemia reveals a homogeneous
phenotype related to memory B cells. J Exp Med 194:
1625–1638.

This study, from Riccardo Dalla-Favera’s laboratory at Columbia,
used Affymetrix U95A GeneChips to try to understand the
subtypes of CLL.

We’ll start by reviewing the results they reported.
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Samples studied on U95A

• 34 samples from patients with untreated CLL

• 16 samples with unmutated IgVH genes
• 18 samples with mutated IgVH genes

• 25 samples of normal B cells (NBC)

• 5 samples, GC CD77+ from tonsil
• 5 samples, GC CD77− from tonsil
• 5 samples, naive (pre-GC) from tonsil
• 5 samples, memory (post-GC) from tonsil
• 5 samples, GC-independent from umbilical cord blood

• 6 samples from patients with follicular lymphoma (FL)
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Data processing

Note that the four kinds of B cells from tonsil are actually paired,
since they were separated from the tonsils of only 5 individuals.

Arrays were quantified with MAS4.0 (average difference). They
were truncated below at 20, then log transformed.
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