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Abstract
Anaplastic plasmacytomas (APCTs) from NFS.V+ congenic mice and pristane-induced
plasmacytic PCTs from BALB/c mice were previously shown to be histologically and molecularly
distinct subsets of plasma cell neoplasms (PCNs). Here we extended these comparisons,
contrasting primary APCTs and PCTs by gene expression profiling in relation to the expression
profiles of normal naïve, germinal centre, and memory B cells and plasma cells. We also
sequenced immunoglobulin genes from APCT and APCT-derived cell lines and defined surface
phenotypes and chromosomal features of the cell lines by flow cytometry and by spectral
karyotyping and fluorescence in situ hybridization. The results indicate that APCTs share many
features with normal memory cells and the plasma cell-related neoplasms (PLs) of FASL-deficient
mice, suggesting that APCTs and PLs are related and that both derive from memory B cells.
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Introduction
Plasma cell neoplasms (PCNs) are the second most common human haematological
malignancies but are rare spontaneous diseases in mice. Human PCNs include plasma cell
myeloma (PCM), commonly known as multiple myeloma (MM); plasmacytomas (PCTs);
and immunoglobulin (Ig) deposition diseases [1]. Because MM is currently a uniformly fatal
disease, there are wide-ranging efforts to develop new treatments and pre-clinical systems to
model the disease.

The most common spontaneous mouse PCNs are designated PCTs, but models in which
PCTs are readily induced at high frequencies, such as plasmacytic PCTs of pristane-treated
BALB/cPt mice, are providing important information on pathogenetic mechanisms in the
transformation of mature plasma cells [2]. Pristane-induced tumours are characterized by Ig/
Myc-activating translocations and their requirement for interleukin (IL)-6, a cytokine
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expressed in the peritoneal granulomas in which they develop. MYC-activating
translocations also occur in ~15% of primary MM tumours, in 50% of advanced primary
cases, and in almost all cultured lines generated from terminal plasma cell leukaemias [3].
Autocrine or paracrine expression of IL-6 also appears to play a major role in the
pathogenesis of MM [4]. Recent studies have demonstrated previously unappreciated
parallels between MM and various mouse models of PCT, including bone marrow (BM)
localization with associated lytic lesions [5,6] and involvement of NOTCH [7], MYC, and
other signalling pathways in pathogenesis [8].

Nonetheless, MM and pristane-induced PCTs of mice differ in a number of important
respects. Immunoglobulins produced by most cases of MM have undergone class switch
recombination (CSR) and have Ig variable (V) regions with high levels of somatic
hypermutation (SHM), indicating their origin from activation-induced cytidine deaminase
(AID)-experienced germinal centre (GC) B cells. In addition, the majority of translocations
in MM that involve the Ig heavy chain locus (IgH) do not activate MYC but rather D-type
cyclins, MAF family members, or FGFR3 and MMSET. Although most pristane-induced
PCTs have undergone CSR, their Ig V regions are usually minimally mutated. In addition,
Myc-activating translocations are present in more than 95% of cases, with AID being
implicated in the chromosomal breaks in both Ig and Myc [9–11]. Thus, while both human
and mouse PCNs derive from cells with genetic signatures of AID activity, GC passage can
be argued strongly for MM but less forcefully for pristane-induced PCT. Indeed, the
demonstration that BTK-deficient mice, which lack B1a cells, are PCT-resistant suggests
that B1a rather than GC B cells are the cells of origin for pristane-induced PCT [12].

Variations on these themes occur in PCNs of both species. Subsets of mouse PCNs that do
not bear Ig/Myc translocations and express Myc at low levels include plasmacytoid
lymphomas (PLs) of autoimmune mice mutant for Fas or Fasl [13,14], BM-associated
spontaneous PCTs of C57BL/KaLwRij mice [15], pristine-induced PCTs of C57BL/6 mice
[16], and the plasmablastic and anaplastic PCTs identified in NFS.V+ congenic mice [17],
which we will refer to collectively as anaplastic PCTs (APCTs). PLs and APCTs are distinct
from mature plasmacytic PCTs, which we will refer to simply as PCTs, both cytologically
and for gene expression profiles [14,17]. Nonetheless, APCTs and PLs have cytological
similarities to post-GC immunoblasts; both express cytoplasmic Ig and PLs are secretory,
indicating that they are well progressed towards terminal plasma cell differentiation. In
addition, the Ig genes of PL are heavily mutated; those of APCT have not been studied. This
suggests that the origins of APCT and PL may be from cells arrested at a stage of
differentiation less mature than those giving rise to PCT. Alternatively, they might reflect a
process of de-differentiation from PCT to a less mature, more aggressive form of PCN, as
sometimes seen in MM [18,19].

Whether PCTs derive from GC-experienced or B1a cells, there are several AID-experienced
alternative pathways to plasma cell development from which APCTs and PLs might arise.
They include extrafollicular B-cell responses initiated by marginal zone (MZ) or follicular B
cells, B cells in isolated lymphoid follicles, and memory B cells [20,21]. Here we show that
APCTs and cell lines derived from primary APCTs are more closely related to normal
memory B and naïve B cells than to plasma cells or GC B cells and that they share many
features with PLs.

Materials and methods
Mice, primary tumours, and cell lines

NFS.V+ mice [22], the source of primary APCT, were maintained under NIAID protocol
LIP-4. The B6-1710 B cell line [23] originated from a B6 mouse with murine AIDS
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(MAIDS) diagnosed at necropsy with APCT. The B6-207 B cell line was cultured from
tissues of a B6 mouse diagnosed with APCT. The origins of primary PCT have been
described previously [7].

Microarray and quantitative real-time RT-PCR (qPCR) analyses
Microarray experiments were performed as described previously [7] with material generated
from 27 primary APCTs and 25 primary PCTs using chips printed by the NIAID Microarray
Research Facility comprising ~ 18 000 genes represented by 70 mer oligonucleotides. After
raw data were normalized with the lowess smoothing function, 1018 genes distinguishing
APCTs and PCTs at p < 0.05 were identified with significance analysis of microarray
(SAM) (Supporting information, Supplementary Table 1). From published microarray data
on purified subsets of normal naïve B cells, germinal centre (GC) B cells, memory B cells,
and plasma cells [24], we identified 4700 non-redundant genes that matched genes assessed
by our microarray analyses of PCNs. To quantify more precisely gene expression
differences between PCT and APCT, we generated a customized quantitative real-time RT-
PCR (qPCR) array that surveyed 92 genes selected from among those that best distinguished
the PCN subsets and that were differentially expressed among the normal B-cell
populations, both as determined by microarrays (Supporting information, Supplementary
Table 2). qPCR analyses were performed as described previously [7].

Immunohistochemical and western blot analyses
Immunohistochemical (IHC) studies of sections from formalin-fixed, paraffin-embedded
tissues were performed by the avidin–biotin peroxidase complex method using the panel of
antibodies and procedures listed in the Supporting information, Supplementary Table 3.

Proteins extracted from primary tumours were separated by SDS-PAGE on 10% gels (30
μg/lane) and electroblotted to nitrocellulose membranes (Amersham, Arlington Heights, IL,
USA). Membranes were processed and proteins detected by standard enhanced
chemiluminescence methods. Antibodies are listed in the Supporting information,
Supplementary Table 3.

Flow cytometry
Cells were blocked with anti-mouse FcγR antibody (2.4G2), stained with the indicated
antibodies (Supporting information, Supplementary Table 3), and analysed on a
FACSCalibur (BD Bioscience, San José, CA, USA). Data were analysed by FlowJo
software (Tree Star Inc, San Carlos, CA, USA).

Sequence analysis of Ig V genes
Total RNA, DNA extraction, and cDNA synthesis were performed according to standard
procedures with V gene amplification performed as previously described [25]. PCR products
were extracted from 1.5% agarose gels using QIAquick kits (Qiagen, Chatsworth, CA,
USA) and cloned using TOPO TA kits (Invitrogen, San Diego, CA, USA). Plasmid DNA
obtained from at least three individual clones was sequenced using BigDye terminator.
Sequence alignment was performed using IgBLAST (http://www.ncbi.nlm.nih.gov/igblast).

Fluorescence in situ hybridization (FISH) and spectral karyotyping (SKY)
Metaphase chromosomes from APCT cell lines were prepared and hybridized to Igh, Cμ,
Igκ, and c-Myc BAC-derived probes as previously described [26]. SKY was performed
using a SKYPaint probe kit from Applied Spectral Imaging (ASI; Vista, CA, USA)
according to the manufacturer’s instructions.
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Results
Comparisons of the gene expression profiles of PCTs and APCTs with the expression
patterns of normal B-cell subsets

To extend our understanding of APCT as distinct from PCT and to identify their possible
cellular origins, we used data from microarray analyses of the two PCN subsets to identify
1018 genes that best distinguished one from the other—445 for PCT and 573 for APCT
(Supporting information, Supplementary Table 1). We then examined published microarray
analyses of purified normal naïve B cells, GC B cells, memory B cells, and plasma cells
[24], and identified 4700 non-redundant genes from the data set that could be matched with
genes in our analyses of PCNs. Using Fisher’s exact test, we examined the relationships
between the expression profiles of APCTs and normal naïve, memory, and GC cells (Figure
1A). Highly significant relationships were found between the expression profiles of APCTs
and each of the normal B-cell subsets with a rank order, determined by odds ratios, of
memory > naïve ≫ GC. The similarity of the APCT profile to both memory and naïve B-cell
profiles is probably due to the fact that the transcriptional profiles of the two normal B-cell
subsets overlap by 94% [24]. Similar comparisons of the transcriptional profiles of human
tonsillar naïve, GC, and memory B cells also showed that the profile of memory B cells is
closer to that of naïve than to that of GC B cells [27].

To further assess the proposed relationship between APCT and normal memory B cells, we
turned to more quantitative real-time RT-PCR (qPCR) analyses of 92 selected genes that
best distinguished APCT from PCT or were shown by microarray analyses [24] to be useful
in distinguishing subsets of normal B cells (Supporting information, Supplementary Table
2). Analyses of the comparative expression of these genes between PCTs and APCTs by
qPCR and their pattern of expression among normal B-cell subsets is shown in Table 1; 30
genes differed significantly (p < 0.05) between APCTs and PCTs. Among 16 of these genes
normally expressed by both naïve and memory cells or by memory cells alone, 11 (69%)
were expressed preferentially by APCTs. All four plasma cell-specific genes were expressed
preferentially by PCTs. We then examined the quantitative relationships between the gene
expression patterns of APCTs and PCTs as determined by qPCR in comparison with the
expression patterns of normal memory and plasma cells as determined by microarrays
(Figure 1B). There were strong correlations between the expression patterns of memory B
cells and APCTs, and between the expression patterns for plasma cells and PCT (1/slope =
0.95, r2 = 0.56), despite known problems in generating strong correlations between the
differing formats of microarray and qPCR. This provides firm support for the suggestion
that APCTs are more closely related to memory B cells than to plasma cells.

Expression of proteins associated with maturational status, signalling, and survival in
PCTs and APCTs

Based on the results from microarray and qPCR analyses, we selected a series of genes for
validation by western blots of proteins extracted from primary tumours and by IHC.
Predictably, PCTs uniformly expressed much higher levels of IRF4 and XBP1 than APCTs
(Figures 2A and 2B, respectively). IRF6, known to be highly expressed at the transcript
level in PCTs [7], was also expressed more strongly at the protein level by PCTs than by
APCTs (Figure 2B).

Several observations point to possible PCN subset-specific involvement of different Src
kinase family members in disease. Two family members, BLK (Figure 2A) and HCK
(Figures 2A and 2B), were expressed more highly by APCTs than by PCTs. BLK is rapidly
activated after BCR ligation and signals downstream to promote proliferation and
differentiation and to resist apoptosis [28]. From array analyses, Blk is among a small subset
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of genes expressed at high levels in both APCTs and memory B cells (Figure 1B). HCK
interacts directly with the gp130 signal-transducing portion of the IL-6 receptor, encoded by
Il6st, and mediates both proliferation and survival signals [29,30]. Although Il6st transcripts
tended to be expressed at higher levels in PCTs than in APCTs (Figure 1B), the fact that
both genes are active in APCT is consistent with BCR expression by normal memory B
cells.

BLNK, a membrane-associated B-cell adaptor protein, promotes the coupling of BCR-
associated Src kinases to downstream activation of PLCγ2 and RAC-JNK [31], as well as
RAS [32]. By western blotting and IHC analyses, BLNK was expressed preferentially in
PCTs (Figures 2A and 2B) and in an activated phosphorylated form (Figure 2B). Because
PCTs lack BCR, the mechanisms responsible for BLNK activation remain to be determined.
In contrast to the expression of Src kinases and signalling pathways that promote
proliferation and survival in both classes of PCNs, MATK, a negative regulator of Src
kinases [33], was expressed at higher levels in PCTs than in APCTs (Figures 2A and 2B).
Understanding how these kinases and their downstream targets are regulated in mouse
models of PCN may be of importance in view of the increasing interest in Src family kinases
as targets for treatment of MM [34].

BCL2 and BCL-XL, anti-apoptotic members of the BCL2 family, were preferentially
expressed in the subset of APCTs examined here (Figure 2B), although the microarray
analyses indicated that expression by most APCTs is low, at least at the transcript level
(Figure 1). BCL2 is reported to function in resting pre- and post-GC B cells, while BCL-XL
is active in proliferating cells. Interestingly, and in keeping with the postulated origin of
APCT from memory cells, quiescent human memory B cells in peripheral blood express
both BCL2 and BCL-XL [35]. These findings indicate that the development of APCTs and
PCTs may be differentially influenced by dissimilar Src signalling pathways and
mechanisms employed to resist apoptosis, reinforcing the distinctness of the two forms of
PCN studied here.

Relationships of APCTs from NFS.V+ mice to APCT-derived cell lines and PLs
All of the studies of APCTs described above and in a prior publication [17] were based on
analyses of material saved at necropsy from primary cases in NFS.V+ mice. Previously,
however, we established cultured lines from two mice diagnosed at necropsy with APCT:
B6-1710, from a mouse with advanced MAIDS [23]; and B6-207, from a 1.5-year-old
mouse.

Analyses by flow cytometry (Figure 3) showed that both lines expressed B-cell markers
(CD19, CD40, CD80, CD86) as well as plasma cell markers (CD138, PC-1), suggesting that
they were arrested at a state of differentiation between B cells and plasma cells. Both also
expressed CD5 at low levels. These expression patterns were quite similar to those reported
for PLs from BALB/c or C3H mice mutant for Fasl (gld), tumours that are mostly class
switched and express hypermutated Ig V genes [14]. By qPCR arrays, the cell lines from
FAS-deficient mice also exhibited striking similarities to the APCT cell lines and to the
consensus profile for NFS.V+ APCTs (data not shown). We conclude that the APCT and PL
cell lines are very similar to one another and resemble primary APCTs much more closely
than PCTs.

Sequences of Ig V regions of primary APCTs and APCT-derived cell lines
Memory B cells comprise several phenotypically and functionally distinct subpopulations
that can be identified on the basis of their differential expression of Ig isotypes, tissue
localization, and transcriptional profiles in both humans [36–38] and mice [24,39–41].
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Although memory cells from both species have been thought of primarily as products of GC,
and thus subject to AID-mediated CSR and SHM, it is clear that not all memory cells are
switched or mutated [39,42,43].

To determine the mutational status of APCTs, we sequenced the Ig V regions of primary
APCTs previously shown by Southern analyses to have prominent clonal rearrangements of
IgH [17] and the APCT-derived cell lines. The results are summarized in Table 2, with full
sequences in the Supporting information, Supplementary Table 5. Several tumours appeared
to express single dominant clones: tumour 36 975 was significantly mutated for both IgH
and IgK; 38 363 was minimally mutated for IgH and IgK but also expressed an unmutated
IgL; and 38 397 was minimally mutated for IgH, IgK, and IgL. Two other tumours had
clonal sequences for IgH—37 891 (mutated) and 36 896 (minimally mutated)—but both had
two different IgK sequences. Clonal tumours expressing more than one light chain have
been described [5]. Tumour 38 066 appears to be quite unusual in being germline for IgH
but highly mutated for IgK. The IgH sequences from tumour 38 400 are indicative of
oligoclonality, but the recovery of two identical IgL sequences suggests that one IgL-
expressing clone may be more highly represented.

Of the APCT-derived cell lines, B6-207 was heavily mutated for both IgH and IgK, and
B6-1710 was significantly but not heavily mutated for both chains (Table 2 and Supporting
information, Supplementary Table 4), findings similar to those for the Ig genes from PLs
[14]. Together, the Ig sequence data from primary APCTs and the APCT-derived cell lines
bear similarities to some PLs.

Chromosomal analyses of APCT-derived cell lines
Virtually all primary PCTs, PCT cell lines, and PCT precursors in BALB/c mice contain
reciprocal Myc-activating translocations, either the common T(12;15) involving Igh or the
variant T(6;15) involving Igk [2,44,45]. Prior SKY analyses showed that the vast majority of
primary PCTs were tetraploid and contained additional alterations involving all
chromosomes except the Y, reflecting generalized genomic instability [46].

Prior studies of primary APCTs by FISH using Igh and Myc probes on formalin-fixed,
paraffin-embedded tissue sections revealed neither Igh/Myc co-localization nor gross
abnormalities affecting these loci, indicating that canonical IgH/Myc translocations did not
contribute to the pathogenesis of these tumours [17]. In the present study, we took advantage
of the APCT-derived cell lines and analysed metaphase spreads by SKY or by FISH using
probes for Igh, Igk, and Myc.

By SKY (Figure 4), the B6-1710 cell line had a near diploid karyotype of 42, X, T(4;12), +
T(10;6), +Del(19), T(X;2). The Myc locus on chromosome 15 appeared normal and there
were no gains of chromosome 15; however, as determined by SKY, the telomeric portion of
chromosome 12 (band D1) was translocated to chromosome 4 (band D2.3), resulting in a
non-reciprocal T(4;12) (Figure 4B).

SKY analyses of the B6-207 line (Figure 4) revealed a near diploid karyotype of 41, XY,
T(3;1), Del(6E), T(10;5), +11, T(12;6) and no alterations in the Myc-containing region of
chromosome 15. Notably, as in B6-1710, chromosome 12 was also translocated, but now to
chromosome 6 (Figure 5, left), bringing the IgH locus in immediate proximity to Igk (Figure
5). These data confirm our previous findings that chromosomal translocations involving
Myc are not involved in the pathogenesis of APCTs.

The identification of a near reciprocal T(12;6), T(6;12) in B6-207 raised the possibility of
identifying a gene that might be involved in the pathogenesis of these PCNs by virtue of its
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placement in proximity to Ig regulatory sequences. Analyses of the translocation by FISH
using probes to IgH, kappa, and Cμ showed that the break on chromosome 12 occurred just
downstream of Eμ and that the break on chromosome 6 occurred just upstream of Ek
(Figure 5). Cloning of the breakpoint junction revealed the break on 12 to be in the J region
and the break in 6 to be in the VκJκ region in a line 1 element. The translocation thus might
be the result of aberrant V(D)J recombination.

Discussion
Classification has been described as ‘the language of medicine’, in that diseases must be
clearly described, defined, and named to provide a basis for clinical practice and
investigation, with a major component being class discovery [1]. Here and in a previous
publication [17], we have utilized a variety of approaches to describe a subset of mouse
PCNs, initially defined as APCTs based on cytological distinctions of primary tumours in
NFS.V+ mice from the pristane-induced PCTs of BALB/c mice [46]. Previously, the
definition of APCT was extended to include the absence of structural alterations in Myc
detectable by Southern analyses [17], with Myc-activating translocations being a nearly
invariant feature of PCT [47]. It is important to recognize, however, that APCTs were first
described for PCNs in Eμ-v-abl TG mice [48] that regularly exhibit Igh/Myc translocations
[49]. More recently, APCTs were identified in iMyc knockin [50], IgH 3′ LCR-Myc TG
[51], Eμ-Ccnd1-T286A TG [52], and iMyc/BCL-XL double-TG mice [53]. These
observations indicate that PCNs histologically indistinguishable from the APCTs of NFS.V+

mice can be induced by MYC-dependent and -independent pathways.

The present studies indicate that primary APCTs, APCT-derived cell lines, and PLs from
FASL-deficient mice have many commonalities that readily distinguish them from pristane-
induced PCTs. First, they all lack Myc-activating chromosomal translocations; second, their
gene expression patterns are suggestive of a stage of differentiation between the GC and
fully mature plasma cells; and finally, APCT-derived cell lines exhibit few of the
chromosomal complexities characteristic of pristane-induced PCTs.

Clearly, APCTs, PLs, and APCT-derived cell lines are mostly AID-experienced, as
evidenced by CSR and SHM. Importantly, Aicda transcripts are present in normal class-
switched memory B cells as well as APCTs, and AID is active in T-cell-independent
extrafollicular or mucosal B-cell responses [20,54] and following activation of B1a cells (K
Hayakawa, personal communication). The APCT cases that have not undergone CSR but
exhibit SHM resemble some IgM-secreting MMs that are somatically mutated and exhibit
switch variants [55], and IgM-expressing Waldenstrom’s macroglobulinaemia tumour cells
that also exhibit SHM [56]. An origin of both tumour types from memory cells has been
postulated.

Based largely on comparative gene expression profiles of these PCNs with those of normal
B-cell subsets, we postulate that a memory-like B cell is the normal cell of origin for APCT.
The exact origin of the precursor is not fully clear, because memory B-cell subpopulations in
mice are not as well defined as those in humans. Most characterizations of mouse memory B
cells are based on studies of cells from immunized mice that retain antigen-binding
specificity and stain with cocktails of monoclonal antibodies directed against panels of cell
surface antigens [39–41,57]. How these carefully circumscribed cells relate to the full
spectrum of normal mature plasma cells that can develop as immediate descendants of GC B
cells, from GC-derived memory B cells, from extrafollicular B-cell responses, or from B1
cells is uncertain.

Qi et al. Page 7

J Pathol. Author manuscript; available in PMC 2012 August 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Comparisons of the expression profiles for genes that distinguish PCTs and APCTs with
genes that distinguish subsets of normal B-cell-lineage cells. (A) Genes that differ
significantly for PCTs and APCTs determined from microarray analyses (Supporting
information, Supplementary Table 1) and that overlap with non-redundant genes from the
microarray data set of Battacharya et al [24] were compared with genes from the latter set
that distinguish normal memory and plasma cells (top row), normal naïve and plasma cells
(middle row), and normal germinal centre (GC) and plasma cells (bottom row). Odds ratio
indicates the enrichment of genes differentially expressed in memory, naïve, and GC B cells
compared with plasma cells. (B) Relationships between genes that distinguish PCTs from
APCTs quantified by qPCR (X axis) and genes that distinguish normal memory and plasma
cells quantified by microarrays (Y axis). Genes that characterize APCTs and memory B
cells were assigned positive values, while genes that characterize PCTs and plasma cells
were assigned negative values. The scale for each axis is fold change in log2.
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Figure 2.
Immunohistochemical and western blot analyses of protein expression in PCTs and APCTs.
(A) Comparative analyses of APCTs and PCTs on sections stained with H+E and with
antibodies to proteins that differed significantly for expression between the tumour subsets.
Immunohistochemical analyses show the significant difference between PCT and APCT. By
H+E staining, PCT comprises almost all mature cells with a central nucleolus in a clock-face
nucleus, basophilic cytoplasm, and a discernible Golgi. APCT is made up of a mixture of
immunoblasts and anaplastic cells, as well as some plasmablasts. By IHC staining, higher
levels of IRF4, BLNK, and MATK proteins are seen in PCT, and BLK and HCK in APCT.
(B) Western blotting of protein extracts from the two tumour subsets using antibodies to the
indicated proteins.
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Figure 3.
Flow cytometric analyses of cell lines derived from primary APCTs. Single cell suspensions
of the B6-207 and B6-1710 cell lines were stained with the indicated antibodies. Green,
unstained cells; red, stained cells.

Qi et al. Page 14

J Pathol. Author manuscript; available in PMC 2012 August 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Chromosomal aberrations in cell lines derived from primary anaplastic PCTs detected by
spectral karyotyping (SKY) studies of the B6-1710 and B6-207 cell lines. The Del(6E) is
presumably the T(6;12) that could not be resolved by SKY.
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Figure 5.
Chromosomal studies of the B6-207 cell line. Top left: fluorescence in situ hybridization
(FISH) using probes for Igh (green) and Igk (red) showing the translocation involving
chromosome 12 and chromosome 6 (left side) that was present in all cells. Bottom left:
FISH showing IgH (red) and Cμ (green) in abnormal locations. Diagrammatic structures of
normal chromosome 12 and normal chromosome 6 with positions of probes for Igh, Cμ, and
Igk and break-point positions give rise to the T(12;6) (right side).
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