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The t(11;14)(q13;q32) resulting in cyclin D1
overexpression is consistently present in mantle
cell lymphoma. However secondary chromo-
somal aberrations are also extremely common.
Of these, 8q24 abnormalities associated with
the t(11;14) are rare. Over the course of 10 years
at M.D. Anderson Cancer Center, we identified five
cases of mantle cell lymphoma in which conven-
tional cytogenetic analysis revealed complex karyo-
types, including the t(11;14) and 8q24 abnormali-
ties: one with t(8;14)(q24;q32), one with t(2;8)(q13;
q24), and three with add(8)(q24). We performed
fluorescence in situ hybridization (FISH) studies on
all cases. In the case with the t(8;14), IgH/myc fusion
signals were identified, and in the case with the
t(2;8), split c-myc signals were detected. In the three
cases with add(8)(q24), one case had split c-myc
signals and two cases had three copies of c-myc.
Thus, the c-myc gene was involved in all cases. All
five neoplasms had blastoid morphologic features,
and four cases, including the cases with the t(8;
14) and t(2;8), had leukemic involvement. We
conclude that 8q24 abnormalities involving the
c-myc gene are uncommon secondary abnor-
malities that occur in a subset of mantle cell
lymphomas. C-myc gene abnormalities are as-
sociated with blastoid cytologic features and
also may be associated with leukemic
involvement.
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Mantle cell lymphoma is a type of B-cell non-
Hodgkin’s lymphoma with distinctive histologic
and immunophenotypic findings, and virtually all
cases carry the t(11;14)(q13;q32) (1). In this trans-
location, the ccnd-1 gene at chromosome 11q13 is
juxtaposed with the IgH gene on chromosome
14q32, resulting in overexpression of cyclin D1 (1–
3). Although the t(11;14) is thought to be important
in the pathogenesis of mantle cell lymphoma, this
translocation is not sufficient to induce lym-
phomagenesis in transgenic mice experiments (4,
5), suggesting that other abnormalities are involved.
Furthermore, conventional cytogenetic studies
have shown that the t(11;14) is rarely an isolated
finding in mantle cell lymphoma. Multiple other
karyotypic aberrations are frequent, suggesting the
importance of additional molecular abnormalities
in the pathogenesis of these neoplasms (6–13). Of
these, a small number of mantle cell lymphomas
with 8q24 abnormalities have been reported in the
literature (14–19).
We report five additional cases of mantle cell lym-

phoma in which conventional cytogenetic analysis
showed complex karyotypes including the t(11;14)
and abnormalities involving the 8q24 locus. All cases
had blastoid morphologic features, and four patients
had leukemic involvement. We performed fluores-
cence in situ hybridization (FISH) analysis and
showed involvement of the c-myc gene in all cases.

MATERIALS AND METHODS

Case Selection
Five cases of mantle cell lymphoma in which

conventional cytogenetic studies demonstrated the
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t(11;14)(q13;q32) and complex chromosomal ab-
normalities, including aberrations of the 8q24 lo-
cus, were obtained through a search of the files
from 1991–2001 of the Department of Hematopa-
thology at the University of Texas M.D. Anderson
Cancer Center. Four of these cases were briefly
mentioned as part of a cytogenetic study of 46 cases
of mantle cell lymphoma reported previously (13).

Clinical information was obtained by review of
the medical record. Wright-Giemsa–stained periph-
eral blood and bone marrow aspirate smears and
hematoxylin-eosin–stained histological sections of
bone marrow aspirate clot, core biopsy and lymph
node, or other tissue biopsy specimens were re-
viewed. Complete blood counts and differential
counts were performed for all patients, but the dif-
ferential count at time of initial diagnosis was not
available for Case 5. Each patient underwent one or
more bone marrow aspiration and biopsy proce-
dures during the course of disease.

Immunophenotypic Methods
Bone marrow aspirate, peripheral blood, or cell

suspensions of tissue biopsy specimens of all five
cases were assessed using three-color flow cytom-
etry analysis and a FACScan (Becton Dickinson, San
Jose, CA) instrument as described previously (20).
Lymphocytes were gated for analysis using CD45
expression and side scatter, as described by Borow-
itz and colleagues (21). The CD45 antibody used for
gating was conjugated to peridin chlorophyll alpha
protein. Fluorescein isothiocyanate (FITC)- and
phycoerythrin (PE)-conjugated antibodies were
used as negative controls, and cursors were set to
include �95% of events as negative. The panel of
antibodies included reagents specific for CD3, CD4,
CD5, CD7, CD10, CD19, CD20, CD23, FMC-7, and
immunoglobulin kappa and lambda light chains
(Becton-Dickinson).

Immunohistochemical studies were performed
using formalin-fixed, paraffin-embedded tissue
sections of bone marrow aspirate clot, core biopsy,
and/or lymph node biopsy specimens. Cyclin D1
was assessed immunohistochemically in all cases.
After deparaffinization and dehydration in graded
alcohols and xylene, endogenous peroxidase was
blocked with hydrogen peroxide. Heat-induced
epitope retrieval was performed using citrate
buffer, pH 6.0. After rinsing in phosphate-buffered
saline, mouse anti-cyclin D1 antibody (DCS-6;
DAKO, Carpinteria, CA) was applied at a dilution of
1:350. The LSAB2 kit (DAKO) was used as the de-
tection system. Negative controls were also run.
Other antibodies specific for CD3, CD5, CD10,
CD20, CD23, CD30, CD43, BCL-2, Ki-67, and termi-
nal deoxynucleotidyl transferase (TdT) were used in

selected cases during the workup to establish the
diagnosis.

Conventional Cytogenetic Studies
Conventional G-band karyotype analysis was

performed on bone marrow aspirate specimens of
all cases, as described previously (20). Cells were
placed in 10 mL of Ham F10 medium, with 20%
fetal serum at a concentration of 2 � 106 to 4 � 106

nucleated cells per milliliter. The culture was incu-
bated at 37° C for approximately 24 hours. Standard
harvesting procedures were used. Colcemid (0.1
mL/10 mL) was added to the culture for 30 minutes
at room temperature. For hypotonic treatment,
0.075 mol/L KCl was used for 30 minutes at room
temperature. The fixation procedure consisted of
three changes of methanol/glacial acetic acid (3:1),
with a 10-minute interval between each change. A
drying chamber (Thermaton Industries, Holland,
MI) was used for slide preparation. Slides were
placed in a 60° C oven overnight, followed by GTG
banding. The karyotype reports were written using
the International System for Human Cytogenetic
Nomenclature (22).

Fluorescence In Situ Hybridization Methods
The LSI IGH/MYC/CEP8 dual-fusion transloca-

tion probe and LSI MYC dual color break-apart
probes were used in this study. Both probes are
commercially available (Vysis, Downers Grove,
IL). The FISH assay was performed using 5-�m-
thick tissue sections of formalin-fixed, paraffin-
embedded bone marrow biopsy specimens. The
tissue sections were deparaffinized in Hemo-De
(3 cycles, at ambient temperature), dehydrated in
100% ethanol (room temperature), and air-dried
by placing the slides on a 45–50° C slide warmer
for 2–5 minutes. The slides were then immersed
in 0.2 N HCL for 20 minutes, followed by washes
(3 minutes each) in purified water and wash buffer
(2� SSC, pH 7.0). Pretreatment consisted of immer-
sion in pretreatment solution (sodium thiocyanate,
Vysis) at 80° C for 30 minutes, again followed by
washes in purified water and wash buffer. The tissue
sections were digested in protease solution at 37° C
for 10 minutes, washed in buffer, and dried on a slide
warmer for 2–5 minutes. The slides were fixed in 10%
formalin/PBS for 10 minutes (at ambient tempera-
ture) and washed in buffer solution. Co-denaturation
of the probe mixture and specimen was performed at
80° C (5 minutes) using the Vysis HYBrite hybridiza-
tion system. The probe mixture included 7 �L of LSI
hybridization buffer (Vysis), 1 �L of probe, and 2 �L of
purified water. After an overnight hybridization at
37° C, the slides were washed in 2� SCC/0.1%
NP-40 at 73° C for 2 minutes, rinsed in 2 � SSC/
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0.1NP-40 for 5–10 seconds at room temperature, air
dried in darkness, and counterstained with 10 �L of
4, 6-diamidino-2-phenylindole in antifade (DAPI).

Hybridization signals were analyzed using an
Olympus BX51 microscope equipped with appro-
priate filters and images and captured using the
Cyto Vision imaging system (Applied Imaging,
Santa Clara, CA).

RESULTS

Clinical Data
The clinical data are summarized in Table 1. All

five patients were referred to this institution after
initial diagnosis at another hospital. There were
three women and two men, with a median age of 60
years and a mean age of 62.6 years (range, 50–74 y).
Three patients had lymphadenopathy and under-
went lymph node biopsy (Cases 1, 2, and 5). Three
patients had splenomegaly (Cases 1, 2, and 4), and
one patient had histologically proven gastrointesti-
nal tract involvement (Case 5). All patients had an
elevated serum lactate dehydrogenase (LDH) level.
Three patients had serum LDH levels of 692, 1046,
and 1826 IU/L (normal range, 313–618 IU/L). Two
other patients (Cases 2 and 4) also had an elevated
serum LDH level by history determined at another
hospital, but the numerical value was not available.

All patients had an increased white blood cell
count with absolute lymphocytosis at the time of
initial diagnosis. The absolute lymphocyte count is
available in four patients and ranged from 13.6 to
392.9 � 109/L (13.6–392.9/mm3; median, 137.8 �
109L [137.8 per mm3]). The percentage of lympho-
cytes was not available for one patient (Case 5).
Three patients presented during the initial workup
with an overt leukemic phase with a markedly ele-
vated white blood cell count and absolute lympho-
cytosis. Two patients (Cases 4 and 5) had a mod-
estly increased white blood cell count and modest
absolute lymphocytosis at time of initial examina-
tion. Flow cytometry immunophenotypic analysis
of peripheral blood of these two patients confirmed
involvement by mantle cell lymphoma. Three pa-

tients received chemotherapy before referral to this
institution. Four of five patients received chemo-
therapy at our hospital. Two (Cases 1 and 2) pa-
tients died 22 and 60 months after initial diagnosis,
respectively. Three patients remain alive with 3, 10,
and 36 months of clinical follow-up.

Morphologic and Immunophenotypic Findings
All five patients had bone marrow involvement

by mantle cell lymphoma. Involvement ranged
from 40 to 100% of the total cellularity, with an
interstitial and diffuse pattern. A minor nodular
pattern was observed in two cases. The neoplastic
cells in bone marrow aspirate smears had blastoid
features: three pleomorphic and two classic (Table
2). The cells ranged from medium to large in size.
Nuclear contours varied from slightly to markedly
irregular. The neoplastic cells had immature nu-
clear chromatin, and nucleoli were identified, rang-
ing from small to prominent. One case with imma-
ture chromatin and prominent central nucleoli is
shown in Figure 1. Mitotic figures were easily iden-
tified in all cases.

Peripheral blood smears, available for review in
three cases, showed neoplastic cells with morpho-
logic features similar to those observed in corre-
sponding bone marrow aspirate smears. One case
with immature chromatin and irregular nuclear
contours is shown in Figure 2.

Lymph node biopsy specimens from three pa-
tients were reviewed. The pattern of the neoplasm
was diffuse in two cases and nodular in one case. In
one neoplasm, a starry-sky pattern was present, as
shown in Figure 3. The neoplastic cells were larger
with more open chromatin, as compared with typ-
ical cases of mantle cell lymphoma, and mitotic
figures were numerous (Fig. 3B). One patient un-
derwent endoscopy of the upper and lower gastro-
intestinal tract, and mantle cell lymphoma was his-
tologically shown to involve the colon.

Flow-cytometric immunophenotypic analysis in
all cases showed that the neoplastic cells were pos-
itive for monotypic surface immunoglobulin light

TABLE 1. Clinical and Laboratory Findings

Case 1 Case 2 Case 3 Case 4 Case 5

Age (y)/Sex 72/F 57/M 74/M 50/F 60/F
WBC count (�109/L) 405.0 45.4 107.0 17.0 21.0
Absolute lymphocyte count 392.9 40.9 103.8 13.6 presenta

Bone marrow involvement � � � � �
Lymphadenopathy � � � � �
Splenomegaly (cm below left costal margin) 3 massive � 6 �
Serum LDH (IU/L) 1046 increaseda 692 slightly increaseda 1826
Previous therapy � � � � �
Follow-up, mo died, 22 died, 60 alive, 21 alive, 3 alive, 10

WBC, white blood cell count; LDH, lactate dehydrogenase.
a Exact numeric value not available.
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chain (kappa 3, lambda 2), CD5, CD19, CD20, and
FMC7. The neoplastic cells were negative for CD3,
CD4, CD7, CD10, and CD23.

Immunohistochemical studies showed overex-
pression of cyclin D1 with a nuclear pattern in all

five cases. Ki-67 and CD43 were also assessed in all
cases. We semiquantified the number of Ki-67–
positive cells into four groups: �25%, 25% to �50%,
50% to �75%, and �75%. Three cases had �75%, one
had 50% to �75%, and one had 25% to �50% positive
cells. Three of five tumors were positive for CD43.

FIGURE 2. Case 4. Peripheral blood smear in which mantle cell
lymphoma cells have irregular nuclear contours and immature
chromatin. (Wright-Giemsa, 1000�.)

FIGURE 3. Case 5. Histologic section of lymph node biopsy
specimen. A, the neoplasm has a prominent starry-sky pattern. B, the
mantle cell lymphoma cells have immature nuclear chromatin and a
high mitotic rate. (B5 fixative and hematoxylin-eosin, A, 100�. B,
400�.)

FIGURE 4. Results of fluorescence in situ hybridization. A, Case 5:
IgH/c-myc fusion signals are identified. (LSI IgH/MYC/CEP8 probe; c-
myc is red, IgH is green, and CEP8 is blue, 1000�). B, Case 4: split c-
myc signals are identified (LSI MYC Dual Color Breakapart Probe; intact
c-myc gene is yellow, 1000�).

FIGURE 1. Case 1. Bone marrow aspirate smear in which mantle cell
lymphoma cells are relatively large, with immature chromatin and
prominent nucleoli. (Wright-Giemsa, 1000�.)
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Other antibodies were assessed in a nonsystematic
manner. The neoplastic cells were also positive for
CD5 (n � 3), CD20 (n � 2), and BCL-2 (n � 1) and
were negative for CD3 (n � 3), CD10 (n � 1),
CD23 (n � 1), CD30 (n � 1), and TdT (n � 1).

Cytogenetic Findings
The cytogenetic findings are listed in Table 2.

Complex karyotypes with multiple abnormalities
were present in all five cases. All cases had cytoge-
netic evidence of the t(11;14)(q13;q32) and abnor-
malities involving 8q24, including one with the t(8;
14)(q24;q32), one with the t(2;8)(q13;q24), and
three with add(8)(q24).

Fluorescence In Situ Hybridization Findings
Fluorescence in situ hybridization analysis was

performed on all cases, and the results are shown in
Table 3. In Case 5, IgH/myc fusion signals were
detected in 95 of 100 nuclei analyzed, confirming
the presence of the t(8;14) involving c-myc (Fig. 4A).
In Case 4, 50% of the nuclei analyzed had split
c-myc signals consistent with the t(2;8) disrupting
the c-myc gene (Fig. 4B). In the three cases with
add(8)(q24), in Case 1, 60% of nuclei analyzed had
split c-myc signals consistent with a translocation
disrupting the c-myc locus. The partner chromo-
some in this case is not chromosome 14 but is
otherwise unknown. In the other two cases, 44%
(Case 2) and 76% (Case 3) of nuclei analyzed had
three copies of c-myc.

DISCUSSION

We describe five cases of mantle cell lymphoma
in which conventional cytogenetic analysis revealed
complex karyotypes, including the t(11;14)(q13;
q32) and abnormalities of 8q24: one t(8;14)(q24;
q32), one t(2;8)(p13;q24), and three add(8)(q24). We
performed FISH analysis on all cases and showed
involvement of the c-myc gene. C-myc was fused
with IgH in the case with the t(8;14) and split apart
in two cases, including the case with the t(2;8),
consistent with a translocation disrupting the c-myc
locus. Three copies of c-myc were observed in two
other cases. This is the largest group of mantle cell
lymphoma cases with 8q24 abnormalities reported
in the literature, and this is the second study to
prove involvement of the c-myc gene.

Ten cases of mantle cell lymphoma with the t(11;
14) and abnormalities of 8q24 have been reported
previously and are listed in Table 4 (14–19). In most
cases, the diagnosis of mantle cell lymphoma was
established using the revised European-American
lymphoma (REAL) or World Health Organization
(WHO) classifications (1). Two cases were designated
originally as intermediate lymphocytic lymphoma
and small lymphocytic lymphoma. In retrospect,
these cases are also likely to be mantle cell lymphoma
as these tumors were designated as intermediate lym-
phocytic lymphoma or, less commonly, as small lym-
phocytic lymphoma, in older classifications (23). One
additional case was designated originally as diffuse
histocytic lymphoma using the Rappaport scheme
(14). We suspect that this case was a high-grade vari-
ant of mantle cell lymphoma because some blastoid
variants can have large, pleomorphic cells, as is rec-
ognized in the WHO classification (1). In all 10 cases,
the cytogenetic abnormalities were complex. The
8q24 abnormalities included two t(8;14)(q24;q32),
one t(2;8)(p12;q24), one t(2;8)(p11;q24), one �der(8)
t(8;?)(q24;?), one t(8;9)(q24;p13), one dic(8;9)(q24;
p24), one add(8)(q24), one dup(8)(q24q13), and one
ins(8;14)(q24;q24q32). In the largest of these studies,
Au and colleagues (18) used Southern blot methods
and a c-myc probe in two of four cases but were
unable to demonstrate involvement of c-myc. Re-

TABLE 2. Cytogenetic Findings

Case No. Blastoid Variant Karyotype

1 classic 46–48, XX, add(8)(q24), add(9)(q34), t(11;14)(q13;q32), �13, add(13)(q22),
del(17)(p11.2), �0–2 mar[cp28]

2 pleomorphic 46, XY, del(7)(q22), add(8)(q24), t(11;14)(q13;q32) [4]
3 pleomorphic 42–44, �X, Y, add(3)(q29), �5, add(8)(q24), add(9)(q34), add(10)(q26)

t(11;14)(q13;q32), add(11)(p15), �13, add(13)(p13), �17, �18, add(22)(q13)
del(22)(q11), �2 � 6 mar [cp13]

4 pleomorphic 45, X, �X, del(1)(p13;p22), �2, der(8), t(2;8)(q13;q24), del(9)(p12)
t(11;14)(q13;q32), t(12;18)(q13;q23), �13, add(15)(p15), add(21)(p13)
�2mar[9]

5 classic 46, X, del(X)(q26), t(8;14)(q24;q32), t(11;14)(q13;q32), add(13)(q32)
add(15)(q24), del(17)(p11;p13), add(18)(p11)[14]

TABLE 3. Fluorescent In Situ Hybridization Results

Case No. Results

1 nuc ish 8q24 (MYCgx2, MYCrx2)(MYC sep MYCrx1) [30]/
8q24 (MYCgx2, MYCrx2)[20]

nuc ish 8q24 (MYCx3), 14q32 (IGHx2–3) [50]
2 nuc ish 8q24 (CMYCx2)[28]/8q24(CMYCx3)[22]
3 nuc ish8q24 (CMYCx2)[12]/8q24(CMYCx3)[38]
4 nuc ish 8q24(MYCrx2, MYCgx1)[27]/

8q24(MYCrx1, MYCgx1)[23]/8q24(MYCrx2,
MYCgx2)[50]

5 nuc ish 8q24(MYCx2), 14q32(IGHx4)(MYC con IGHx1)

1270 Modern Pathology



cently, Vaishampayan and coworkers (19) have
proven, by FISH, the presence of c-myc involvement
in two cases. In one case with the t(8;14), IgH/myc
fusion signals were identified. In a second case with
dup(8)(q24q13), an extra copy of the c-myc gene was
observed.

Au and colleagues (18) correlated 8q24 abnormali-
ties with blastoid morphology and an aggressive
clinical course in three of four cases of mantle cell
lymphoma. Similarly, one case reported by Vaisham-
payan et al. (19) was blastoid, and the neoplasm clas-
sified as diffuse histocytic lymphoma in the study by
Kaneko et al. (14), in retrospect, is also probably a
pleomorphic blastoid variant of mantle cell lym-
phoma. In our study, all five cases had blastoid mor-
phology: two classic and three pleomorphic type, as
defined in the WHO classification (1). Thus, 8q24 ab-
normalities appear to correlate with blastoid morpho-
logic variants of mantle cell lymphoma. A study by
Hernandez and colleagues (24) also may be relevant.
They showed higher levels of c-myc mRNA in mantle
cell lymphoma cases with blastoid morphology.

Of interest, four of five patients in this study had
leukemic involvement, and three patients had
marked lymphocytosis, with counts ranging from
40.9 to 392.9 � 109/L. A fourth patient presented
initially with a total white blood cell count of 21 �
109/L that subsequently rose to 200 � 109/L. These
observations suggest that 8q24 abnormalities also
may be involved in the pathogenesis of leukemic
involvement. In a recent study by Martinez-Climent
and colleagues (25), 8p deletion was correlated with
leukemic involvement. Although 8p is relatively dis-
tant from 8q24, genetic abnormalities in either cis
or trans configuration can act over long distances.
Thus, it is possible that the 8q24 abnormalities in

these five mantle cell lymphomas and the 8p dele-
tions in the mantle cell lymphomas reported by
Martinez-Climent and colleagues (25) may share
similar mechanisms involved in the pathogenesis of
marked leukemic involvement.

Although the t(11;14) is thought to be important
in the pathogenesis of mantle cell lymphoma, it
appears not to be sufficient for lymphomagenesis
alone. Studies of transgenic mice with overexpres-
sion of cyclin D1 have failed to develop mantle cell
lymphoma (4, 5). In addition, cytogenetic studies of
mantle cell lymphomas have rarely shown the t(11;
14) as a sole abnormality in these neoplasms (6–
13). In our experience, �95% of mantle cell lym-
phomas have additional karyotypic abnormalities
(13), and all five cases in this study had complex
karyotypes. Thus, it is likely that cyclin D1 overex-
pression combined with other abnormalities played
a role in the pathogenesis of these cases. Trans-
genic mice models support this view, showing that
double-transgenic mice with coexpression of cyclin
D1 and either n-myc or l-myc demonstrate rapid
development of lymphomas, suggesting that these
genes cooperate in lymphomagenesis (5). Whether
the c-myc abnormalities in the five cases of mantle
cell lymphoma that we report were involved in
pathogenesis or disease progression is unknown.

The role of c-myc in blastoid transformation of
mantle cell lymphoma is unknown but presumably
is similar to its role in Burkitt’s lymphoma, at least
in those cases with the t(8;14) and t(2;8). The t(8;14)
occurs in approximately 85%, and the t(2;8), one of
the variant translocations, is found in an additional
5–10% of cases of Burkitt lymphoma. As a conse-
quence of these translocations, the c-myc gene
comes under the influence of enhancers of the im-

TABLE 4. Cases of Mantle Cell Lymphoma with 8q24 Abnormalities Reported in the Literature

Reference No. of Cases Cytogenetic Findings

Kaneko et al. (14) 1 47,XY,�8,�18,del(1)(p31–p35),t(11;14)(q13;q32),�der(8)t(8;?)(q24;?)
Bloomfield et al. (15) 1 50,XX,�3,�7,�12,�18,dup(1)(q11q32),t(1;9)(q23;p22),t(8;14)(q24;q32),

(11;14)(q13;q32)(59%)/50,XX,�7,�12,�18,t(1;19),t(8;14),t(11;14)
�der(3)t(1;3)(q21;q25)(29%)/50,XX,�3,�12,�18, t(1;9),t(8;14),t(11;14)
�der(7)t(7;?)(q36;?)(4%)

Leroux et al. (16) 1 46,XX,t(2;8)(p11;q24),t(11;14)(q13;q32),dup(10)(q22q26),t(16;?)(p13;?),
t(21;?)(p11;?)/idem, t(4;?)(q35;?),del(3)(p21)/idem,t(4;?)(p16;?)

Tirier et al. (17) 1 45,XY,t(2;8)(p12;q24), �10,dic(10;15)(p10;p13),del(11),t(11;14)(q13;q32),
del(11)(q14q22),�15[20]/45,idem,del(6)(q?15q?24)[7]/46,XY[6]

Au et al. (18) 4 43–44,X,�Y,add(3)(p11),t(8;9)(q24;q13),der(11),t(11;14)(q13;q32),
der(14)(14pter3 14q32�?�9qter),15,der(17),t(3;17)(q13;p11)

42–45,XY,add(2)(p25),del(6)(p21),del(6)(q15),der(8),ins(8;14)(q24;q24q32),
del(9)(p22),t(11;14)(q13;q32),del(12)(q15),�14,�15,add(16)(q24)[cp8]/46,
XX[8]

64–65,XX,�X,�2,add(2)(p23),add(3)(p12)x2,�4,�6,�8, add(8)(q24)x2,
�9,del(10)(q24),�add(10)(q24),�11,t(11;14)(q13;q32),�12,�13x3,�14,�15,
der(15),t(5;15)(p11;p11)x2,�16x3,�17,add(18)(q23),
?idic(18)(q23),�dic(19)t(19;?)(p13;?),�20x3,�21,�22,�7mar[cp7]/46,XX[7]

45,XY,dic(8;9)(q24;p24),�9,t(11;14)(q13;q32)[13]/46,XY[13]
Vaishampayan et al. (19) 2 44,X,�Y,add(6)(p25),t(8;14)(q24;q32),del(9)(q12),

t(11;14)(q13;q32),�12,der(19)t(1;19)(q21;p13)
42,X,�Y,add(6)(q27),dup(8)(q24q13),t(11;14)(q13;q32),dup(12)(q13q15),

der(14)t(14;19)(p11;q11),add(15)(p11),�15–17,–19

Mantle Cell Lymphoma with 8q24 Abnormalities (S. Hao et al.) 1271



munoglobin loci, resulting in c-myc overexpression.
The c-myc gene encodes a transcription factor that
binds to DNA in a sequence-specific fashion and is
involved in many cellular processes, including cell
cycle progression, differentiation, and apoptosis
(26, 27). The oncogenicity of c-myc in Burkitt’s lym-
phoma and in mantle cell lymphomas with the
t(8;14) or t(2;8) is most likely related to its ability to
stimulate cell proliferation and increase cellular
metabolism. The role of the add(8)(q24) in the other
three cases of mantle cell lymphoma in this study is
unknown. In one case with split c-myc signals
shown by FISH, most likely this case had a translo-
cation involving c-myc in which the partner chro-
mosome was not morphologically recognizable by
conventional cytogenetics. In the other two cases,
each with three c-myc copies consistent with c-myc
duplication, the role of c-myc is unknown.

In summary, we describe five cases of blastoid
mantle cell lymphoma with the t(11;14) and abnor-
malities of the 8q24 locus and have proven c-myc
involvement in all cases. Only 10 cases of mantle cell
lymphoma with the t(11;14) and 8q24 abnormalities
have been reported previously, including 2 with the
t(2;8) and 2 with the t(8;14). Collaboration between
cyclin D1 and c-myc may have played a role in either
lymphomagenesis or morphologic transformation in
these neoplasms. Abnormalities of c-myc may also
correlate with marked leukemic involvement.
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