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Intravascular lymphoma (IVL) is a rare neoplastic
disease characterized by the presence of large ma-
lignant lymphoid cells in small vessels. It is often
diagnosed at autopsy. Clinical manifestations are
typically neurologic and dermatologic. Karyotypic
abnormalities have been described in a small num-
ber of cases and have revealed complex alterations
in the majority of cases. We have identified three
cases of IVL with varied clinicopathological find-
ings. Karyotypic analysis was undertaken by stan-
dard G-banding and supplemented by multi-
colored karyotyping (M-FISH) to decipher the
chromosomal content of marker chromosomes and
undefined additions. M-FISH clarified the chromo-
somal abnormalities in two cases and unveiled
cryptic translocations der(10)t(10;22), der(17)t(17;
22), and balanced t(11;14). Comparison with previ-
ously published karyotypes revealed prominent in-
volvement of chromosomes 1, 3, 6, 11, 14, and 18,
similar to the pattern of clonal evolution in other
B-cell lymphomas. The most frequent alterations
seen were �6 or 6q� and �18 or dup(18q), with a
minimally deleted region located at 6q21-q23 and a
commonly amplified region located at 18q13-q23,
respectively. Few differences between the classical
and Asian variant of this disease were apparent at
the karyotypic level. Cytogenetic analysis of addi-
tional cases supplemented by multicolor karyotyp-
ing may help identify the full spectrum of genetic

alterations associated with IVL and assist in the
delineation of the critical mutations associated with
initiation and progression of this disease.
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Intravascular lymphoma (IVL) is a rare disease
characterized by the presence of large malignant
lymphoid cells in small vessels (1–4). The malig-
nant cells are usually confined within the vascular
lumen (5, 6), and a perivascular infiltration is occa-
sionally seen (7–9). In about 90% of cases the neo-
plastic cells are of B-cell origin, whereas rare cases
of T-cell IVL have been reported (10, 11). The clin-
ical manifestations are predominantly neurologic
and dermatologic (12–14). A wide range of other
organ involvement has been described: adrenal
glands, lungs, gastrointestinal system, kidneys, gen-
itourinary tract, and eye (15–20). At autopsy, in-
volvement of the majority of organs is seen despite
the absence of prior clinical manifestations (21, 22).
The involvement of hematopoietic tissues (bone
marrow, lymph nodes, spleen, and liver) is infre-
quent (12, 23), and the presence of circulating ma-
lignant cells is exceptional (24).
A few cases of IVL associated with hemophago-

cytic syndrome (HPS) have been described in the
literature (25). These cases are predominantly re-
ported in Asian patients. Absence of skin involve-
ment, rarity of neurological symptoms, frequent
bone marrow involvement, and constant hepato-
splenomegaly characterize these cases (26). It has
recently been suggested that cases of IVL associated
with HPS could constitute a distinct variant of IVL
(27).
Cytogenetic abnormalities in non-Hodgkin’s

lymphoma (NHL) have been correlated with histo-
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logical subtype, immunophenotype, and clinical
behavior, and have contributed to the identification
of the molecular pathways implicated in lymphoma
pathogenesis. Karyotypic data have been described
only in a very few cases of IVL (26, 28–33). All cases
have shown an abnormal karyotype with complex
chromosomal abnormalities. Highly complex
karyotypes are difficult to interpret using conven-
tional G- or R-banding techniques. New techniques
such as spectral karyotyping (SKY) and multicolor
fluorescence in situ hybridization (M-FISH), which
identify each of the 24 human chromosomes in a
different color simultaneously, have been useful in
analyzing such complex karyotypes. These multi-
color karyotyping techniques help to clarify the
content of marker chromosomes and to detect sub-
tle chromosomal abnormalities not apparent by
conventional karyotyping (34–38).

Here, we report the clinicopathological and cyto-
genetic findings using G-banding and M-FISH tech-
niques of three cases of IVL and a review of the
previously published karyotype data.

CASE REPORTS

All clinical and laboratory findings of the study
cases are summarized in Table 1.

Case 1
A 63-year-old Caucasian woman presented with a

2-month history of weight loss, high-grade fever,
skin eruptions, and sudden onset of a paralysis of
the lower limbs. On physical examination, she had
complete flaccid paralysis of both legs, and deep
tendon reflexes were absent in both ankles. Multi-
ple erythematous annular plaques were seen on her
back. No hepatomegaly, splenomegaly, or adenop-
athy was noticed. Complete blood cell count
showed white blood cell count of 12 � 109 per liter,
Hb of 97 g/L, platelets of 239 � 109 per liter, and
leukoerythroblastic reaction. A few atypical lym-
phocytes were seen on the blood smears. The LDH
was elevated at 3990 U/L (normal, �210). Whole-
body CT scan and MRI of the lumbar spine did not
show any abnormalities. Punch skin biopsy re-
vealed intravascular lymphoid infiltrates. Bone
marrow biopsy and immunostain showed atypical

B-lymphoid cells with an intravascular pattern. The
patient was treated with polychemotherapy accord-
ing to the ACOP12 protocol. She received six bi-
weekly cycles of chemotherapy. After initial im-
provement, the patient experienced relapse and
died 1 month after the last treatment cycle.

Case 2
A 62-year-old Caucasian man was referred for

management of pancytopenia and circulating ab-
normal cells. He had a 3-month history of anorexia,
increasing fatigue, and mild shortness of breath. At
admission the patient’s temperature was 38° C, he-
moglobin was 86 g/L, and platelets were 34 � 109

per liter, with a leukoerythroblastic reaction and
27% large malignant lymphoid cells. LDH was 2266
U/L (normal, �210). The bone marrow histology
and immunostaining were consistent with the di-
agnosis of intravascular lymphoma. The patient re-
ceived six cycles of chemotherapy with the ACOP12
protocol. After a 15-month period of complete re-
mission, the patient experienced a relapse and died
2 months later.

Case 3
A 66-year-old Chinese male, a recent immigrant

from China, was referred for assessment for a
4-month history fever of unknown origin associated
with anorexia and weight loss. Physical examina-
tion did not reveal any lymphadenopathy or hepa-
tosplenomegaly. Peripheral blood count showed
white blood cell count of 7.6 � 109 per liter, Hb of
90 g/L, and platelets 142 � 109/l. A bone marrow
examination revealed hypercellularity with promi-
nent hemophagocytosis. Further investigations un-
veiled hepatosplenomegaly by CT scan and LDH of
3092 IU. A liver biopsy was done, and the results
were nondiagnostic. A punch biopsy of the skin did
not show any lymphoma. Over a period of 3 weeks,
the patient deteriorated with rising LDH (up to
16,295 U/L), severe anemia, and thrombocytopenia
(platelet nadir � 7 � 109 per liter). Therapy with
corticosteroid and intravenous gamma globulin
was initiated. The patient responded initially but
died 1 week later of cardiorespiratory failure. A
repeat bone marrow was done the day before his

TABLE 1. Summary of Clinicopathological Characteristics of the Patients Described in this Report

Age/sex Race NS1 SL2 BM3 HPS4

Case 1 63/F Caucasian Yes Yes Yes No
Case 2 62/M Caucasian No No Yes No
Case 3 66/M Chinese No No Yes Yes

1 NS: neurological symptoms.
2 SL: skin lesions.
3 BM: bone marrow involvement.
4 HPS: hemophagocytosis.
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demise (5 wks after initial biopsy) that showed
marked hemophagocytosis and clusters of imma-
ture cells with prominent nucleoli. These cells were
identified to be B lymphocytes with an intravascu-
lar location.

MATERIALS AND METHODS

Morphology and Immunophenotypic Analysis
Bone marrow aspiration samples and biopsy sec-

tions were processed routinely. Peripheral blood
and bone marrow aspirate smears were stained
with Giemsa. The bone marrow core biopsies were
fixed in B5 after decalcification and stained rou-
tinely with hematoxylin and eosin (H&E). Immuno-
histochemistry on paraffin sections was performed
on all cases using antibodies to CD20, CD3, BCL-2,
and Factor VIII (DAKO, Glostrup, Denmark) using
an automated immunostainer (Ventana Medical
Systems, Tuscon, AZ). Positive and negative con-
trols were run with the study cases and stained
appropriately. Stains were considered positive
when the majority of the tumor cells stained posi-
tively. Flow cytometric immunophenotyping was
performed on Case 2 using routine three-color
analysis on a Coulter Epics Profile II and a direct
antibody labeling technique. Mouse monoclonal
antibodies used included CD2, 3, 4, 5, 7, 8, 10, 11c,
14, 19, 20, 23, and 45 (Becton Dickinson, Missis-
sauga, ON), goat anti-� and anti-� (Tago, Fort
Wayne, IN) and FMC-7 (Silenus Laboratories, Bo-
ronia, VIC) labeled with phycoerythrin, fluorescein
isothiocyanate or Cy5.

Standard and Molecular Cytogenetic Analysis
Chromosome analysis was performed on bone

marrow aspirates using standard 24-hour culture
and harvest procedures and G-banding as previ-
ously reported (39). The karyotypes are described
according to ISCN 1995 (40).

M-FISH analysis was performed according to
manufacturer protocols (Metasystems CmbH, Al-
tlussheim, GER). Briefly, denaturation of slides and
probes cocktails was conducted for 5 minutes at 75°
C; hybridization was performed over 3 days. After
hybridization, washing and posthybridization steps
were performed. Metaphase preparations were
then counterstained with DAPI and analyzed. To
assess whether the duplication of 18q (Case 2) was
associated with BCL2 gene amplification and
whether the 14q32 breakpoint (Case 3) involves
the IGH gene, FISH analysis using the LSI IGH/
BCL2 probe was performed according to manu-
facturer protocol (VYSIS, Downers Grove, IL).
Briefly, slides and probes cocktails were dena-
tured for 5 minutes at 72° C, and hybridization

was performed overnight. After hybridization,
washing and posthybridization steps were per-
formed. Metaphase preparations were then coun-
terstained with DAPI and analyzed. M-FISH and
FISH analysis were performed using a Zeiss mi-
croscope (Axioplan 2) equipped with the appro-
priate filters (DAPI, FITC, Spectrum Orange,
TRITC, Cy5, DEAC) and the Metasystems ISIS
imaging software programs.

RESULTS

Histopathology
All three cases showed similar findings, with in-

volvement of bone marrow sinuses by diffuse large
B-cell lymphoma (DLBCL). The bone marrows were
hypercellular, with small interstitial collections of
large neoplastic lymphoma cells composed pre-
dominantly of centroblasts. These were scattered
throughout the interstitial spaces in groups of 8 to
20 cells. Typically, the large B cells were surrounded
by sinus lining cells, highlighted clearly by staining
with anti-factor VIII. The malignant lymphoma
cells stained strongly with anti-CD20 and also la-
beled with anti-BCL-2 in Case 2. The other two
cases stained strongly with anti-CD20 but failed to
express BCL-2 protein. A representative H&E sec-
tion of Case 3 is shown in Figure 1A, and the ac-
companying CD20 stain, in Figure 1B. The bone
marrow aspirate in Case 3 was characterized by
marked hemophagocytosis involving predomi-
nantly erythrocytes. This was not a feature of the
other two cases. Flow cytometric analysis of the
bone marrow in Case 2 revealed a small population
of abnormal cells expressing CD19, CD20, mono-
clonal surface �, CD5, and CD11c but negative for
CD23 and FMC-7.

Cytogenetic Analysis
An abnormal karyotype was detected in each case

by G-banding analysis (Table 2). Residual normal
metaphases were detected in Case 1 only. The karyo-
typic changes in all cases were predominantly bal-
anced and unbalanced structural rearrangements in-
volving additions, deletions, duplication, inversions
and translocations. A single-marker chromosome was
identified in Case 3 (Figure 1d). M-FISH was used to
further resolve the ambiguous karyotypic alterations.
For Case 1, the abnormal clone was not detected by
the M-FISH procedure. In Case 2 an add(1)(q42.1)
was shown to be an intra-chromosomal inv(1)
(q42q4?), the add(10)(p11.2) was shown to be a
der(10)t(10;22)(p12;q?), the del(17)(p11.2p13) was
shown to be a der(17)t(17;22)(p11;q?), and the
dup(18)(q11q23) was shown to be a complex dupli-
cation of 18q (Figure 1e). For Case 3, the large marker
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chromosome was shown to consist entirely of chro-
mosome 3 material, presumably resulting from a
complex intra-chromosomal inversion. An ins(11;
?)(q13;?) was shown to be a der(11)dup(11)(q?) result-
ing from internal 11q duplication. This der (11) was

also involved in a cryptic balanced t(11;14)(p15;q32)
(verified by FISH analysis, data not shown) to which
the add(14)(q32) and �add(14)(q32) were related
(Figure 1f). The M-FISH refined karyotype nomencla-
ture is included in Table 2.

FIGURE 1. A, representative histology of bone marrow H&E from Case 3, arrow showing dilated sinusoid with large atypical lymphoid cells. B,
CD20 stain of the marrow from Case 2, showing clusters of positive-staining cells. C and D, G-band karyotypes from Case 2 and Case 3 (see Table
2 for karyotype description), m indicates the large marker chromosome. E, M-FISH karyotype from Case 2, arrows indicating der(10)t(10;22) and
der(17)t(17;22), bracket indicating the duplication within chromosome 18. F, M-FISH karyotype from Case 3, arrows indicating the t(11;14) and
der(14)t(11;14). G and H, FISH result with the specific probe for IGH (14q32) and BCL2 (18q23), showing duplication of the BCL2 signal on the
duplicated 18 from Case 2 (g) and two copies of IGH signal, one on a normal 14 and one on the der(11)t(11;14) from Case 3 (h).
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FISH analysis using a BCL2 probe revealed one
normal copy on normal 18 and multiple copies on
the derivative 18 (containing the 18q duplication) in
Case 2 (Figure 1g). In Case 3 two normal BCL2
copies were seen (Figure 1h). No evidence of split-
ting of the IGH probe was identified in either case.
In Case 3 with a balanced t(11;14), an intact IGH
signal was indicative of a breakpoint proximal to
the IGH locus at 14q32.3.

We undertook a band-by-band assessment of the
chromosomal breakpoint sites and regions of dele-
tion and duplication involved in the 14 previously
reported IVL karyotypes (Table 3) and the 3 re-
ported herein. Structural rearrangements with
breakpoints near gene loci implicated in lymphoma
were identified in a portion of the 17 IVL karyo-

types. A breakpoint at 14q32 that might have in-
volved the IGH locus was identified in four of the 11
AIVL cases. These alterations included an abnormal
14 reported as ?add(14)(q22–32), a der(14)t(1;
14)(q2?;q32), an abnormal 14 reported as
der(14)(q32;q15), and the t(11;14)(p15;q32) in Case
3 of this report. In the latter case, involvement of
IGH gene was excluded. Breakpoints involving
other lymphoma-associated oncogene loci includ-
ing BCL6 (3q27), CMYC (8q24), PAX5 (9p13), BCL1
(11q13), and BCL2 (18q21) and BCL3 (19q13) were
seen in 2, 1, 1, 3, 1, and 2 cases each, respectively.

Regions of duplication that were apparent in
�20% of the karyotypes included all of chromo-
some 18 (�18) and the 11q133qter region. Trisomy
18 or duplication of 18q was present in 7 of 17

TABLE 2. Karyotypic Abnormalities of the Three Cases of IVL Described in this Report

G-Band Post M-FISH/FISH

Case 1 46,XX,t(3;11)(p21;q23),add(6)(q11),add(18)(q21)[2]/46,XX[23] Clonal metaphases not detected
Case 2 46,XY,add(1)(q42.1),del(4)(p11p15.3),del(5)(p15.1p15.3),del(6)

(q21q26),add(10)(p12.2),del(17)(p11.2p13),del(18)(p11.2),
dup(18)(?q11qter)[16]

46,XY,inv(1)(q42q4?),del(4)(p11p15.3),del(5)(p15.1p15.3),del(6)
(q21q26),der(10)t(10;22)(p12;q?),der(17)t(17;22)(p11;q?),del(18)
(p11.2),trp(18)(?q21q23)

Case 3 47,XY,dup(1)(q32q21),�3,del(3)(?q21q24),del(8)(p11),del(10)
(?q11q25),ins(11;?)(q13;?),add(14)(q32),�add(14)(q32),�mar

47,XY, dup(1)(q32q21),inv(3)(p?q?),del(3)(?q21q24),del(8)(p11),
del(10)
(?q11q25),der(11)dup(11)(q13q?21)t(11;14)(p15;q32),der(14)t(11;
14)(p15;q32),�der(14)t(11;14)(p15;q32)

TABLE 3. Karyotypic Abnormalities of Previously Reported IVL Cases

Reference Type Karyotype

Tsukadaira (2002) Classical 48,XX,�1,add(1)(p11),der(3)t(1;3)(q21;q21),del(4)(q?),add(6)(q11),�9,del(17)(q11q21),�18,add(18)
(p11)�2,�19,�r1,�mar1[9/20]

Ichikawa (2000) Variant 47,Y,t(X;12)(p21;q11),t(3;18)(p10;p10)[4]/47,idem,add(6)(q11)[1]/46,XY[15]
Murase (2000) Variant 96,XX,�X,�X,�1,�1,add(1)(q1?1),add(3)(q2?)�3,add(4)(q3?),�7,add(7)(q3?),�9,10p?,add(11)(q2?5)

�4,�14,�15,�16,�17,�18,�18,�20,�11mar[1]/100,XX,�X,�X,�1,add(1)(q1?1),add(1)(q2?),�?3,add(3)
(q2?)�4,?add(4)(q3?),�add(q3?),�9,10p?,add(11)(q2?)�4,�15,�15,�16,�17,�18,�18,�22,�10mar [1]/46,
XX[18]

Murase (2000) Variant 47,XX,inv(1)(q13q21�25),del(4)(q31),del(5)(q13q33),add(6)(q21),add(8)(p21),�9,dup(11)(q21q25),del(17)
(p11),�18,�22,�mar1,�mar2,inc[1]/46,XX[18]

Murase (2000) Variant 46, XY,t(3;14)(q2?7;q1?1),add(5)(p15),add(6)(q13),del(12)(p1?),add(18)(q23)[10]/46,idem,add(9)(q3?)[5]/
46,idem,add(1)(p3?6)[1]/46,XY[1]

Murase (2000) Variant 46, XX,add(1)(p13),der(3)t(1;3)(p13;q27),
t(14;17)(p14;q21),t(6;9)(q15;q22),i(6p),dup(7)(q11–q23),inv(8)(p21q24),?t(11;12)(q23;q22),?t(14;19)
(q24;q13),?del(18)(q12.2)[31]/48,idem,�X,�3[1]/46, XY[18]

Murase (2000) Variant 47, XY,�1,add(1)(p3?),�2,�4, add(9)(p?2),add(12)(q?2),�mar1,�mar2,�mar4[1]/48,idem,�10,�12,�mar5[1]/
46,XY[18]

Murase (2000) Variant 46, XX, add(2)(q31–33),add(3)(q21),add(9)(q22–24),t(11;19)(q13;q13),?add(14)(q22–32),del(22)(q11)[2]/46,XX[18]
Murase (2000) Variant 73,XXY,�X,�X,�Y,�1,�1,�2,�2,add(2)(p?),�3,�4,�7,�der(9;22)(q10;q10),�11,�14,�15,add(15)(p11),

�18,�51,�22,�22,�22,�mar1,�mar2,�mar3,�mar4, �mar5,�7mar[1]/
75,idem,�X,add(9)(p?),�12,�13,der(16)t(1;16)(q2?1;q2?),�19,�add(21)(p11),�mar4,
�mar5,�5mar[1]/
75,idem,�X, add(1)(q11),�5,?8,add(9)(p?),�14,der(14)t(1;14)(q2?;32),�15,der(16)t(1;16)(q2?1;q2?),
�19,�add(21)(p11),�mar1,�mar2,�mar3,�mar5,�3mar[1]/46, XY[14]

Shimazaki (1999) Variant 44–45,XY,�X,ins(1;?)(q21;?),t(3;12)(p21;q13),add(4)(q27),add(6)(q15),�7,del(8)(p21),add(16)(p11),add(18)
(q23),�19,del(21)(q22)[cp8]/46,XY

Shimazaki (1999) Variant 47,XY,add(1)(q12),�2,der(3)t(3;?;8)(q26;?;q11),�4,t(4;21)(q21;p13),�5,del(6)(q15q23),�?,add(6)(p11),�add(7)
(q11),add(9)(p24),der(9)t(9;11)(p13;q11),�add(12)(p11),der(14)(q32;q15),�15,add(15)(p13),�16,�18,�20,
�21,�22,�mar[2/20]

Nakahara (1999) Classical 45,XY,add(1)(p13),�6,der(8;15)(q10;q10),add(11)(q13),�19,add(p11),�2mar[13]/46,XY
Davey (1990) Classical 52,X,�i(Xq),�i(Xq),�i(Xq),�i(Xq),�18,�15,del(1)(q42q44),del(6)(q11q27),del(9)(q11q34),t(6;?)

(q11;?),�mar1,�mar2,�r(?)[3/30]
Molina (1989) Classical 53,XY,�5q,�6,�i(6p),�7,�10,�11,�12,12p�,12p�,�18,�

mar1,�mar2,t(1;3)(p22;p21),3q�,8p�[major]/
53,XY,�5q,�6,�i(6p),�7,�10,�11,�12,
12p�,�18,�mar1,�mar2,�mar3,t(1;3)(p22;p21),3q�,8p�[minor]
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karyotypes. Recurrent deletions involved a number
of chromosomes and chromosomal regions, includ-
ing: �1, del(3)(q21–qter), �4, del(6)(q11–qter),
del(8)(p213qter), del(9)(p213pter), del(9)(q223qter),
�15, del(18)(q23) and del(22)(q22–qter). The most com-
mon recurrent deletion, seen in �50% of cases, was
del(6)(q21–q23).

We assessed for similarities and differences in the
identified breakpoints, deletions, and duplications
seen in classical IVL versus the Asian variant, con-
sisting in this group of 6 versus 11 reported karyo-
types (Table 4). The two alterations that showed
significant difference in frequency of involvement
were deletion of 6q11–q13 and breakpoint at 6q11,
seen more frequently in IVL than in AIVL (P � .03
and .03, respectively, Fisher’s exact test; Table 4).

DISCUSSION

Intravascular lymphoma (IVL) is a rare extran-
odal variant of DLBCL. Based on its morphological
characteristics and clinical behavior it is considered
to be a distinct subtype of DLBCL in the WHO
classification (41). Accurate and timely diagnosis is
still a problematic issue (42, 43). The majority of
cases are diagnosed at autopsy. The clinical presen-
tation is predominated by fever, neurological alter-
ations, and skin lesions with absence of lymphad-
enopathy. Bone marrow involvement is rarely
reported, but when present, the malignant cells are
scant and confined to the bone marrow sinusoids
(11). Hemophagocytosis has been described in few
cases of IVL that mainly, but not exclusively (44, 45),
involve Japanese patients (26). Murase et al. (27)
suggested that this is a distinct variant of IVL and
named it an Asian variant of intravascular large
B-cell lymphoma (AIVL).

We have identified three cases of IVL. The clini-
copathological characteristics of these cases are
summarized in Table 1. The first patient had a
“typical” presentation of IVL with predominantly
dermatological and neurologic manifestations. In
the second case, the presentation was unusual with
prominent bone marrow involvement and circulat-
ing malignant cells. The clinical presentation of the
third case was consistent with AIVL. We confirmed
bone marrow involvement in all three cases by us-
ing anti-CD20 (L26) immunostain to highlight the
malignant cells and factor VIII-related stain for de-
lineating the vascular walls and confirming the in-
travascular pattern. IVL is a disseminated disease
with simultaneous intravascular involvement of
most body organs (including lung, heart, prostate,
pancreas, kidney, testes, and adrenal glands) has
been found repeatedly at autopsy (12). However,
bone marrow involvement has been rarely reported
in the literature (23). It has been suggested that the
bone marrow involvement in IVL is underestimated
as it is usually subtle and difficult to recognize by
H&E staining only and the systematic use of immu-
nohistochemistry could help identify additional
cases (11, 23). DiGiuseppe et al. (46) detected
monoclonal proliferation, by IgH gene rearrange-
ment studies, in the bone marrow of 5/5 cases of
IVL with apparently normal morphology and sug-
gested that the regular application of this molecular
technique would facilitate the detection of the mar-
row involvement in this disease.

From �250 cases of IVL published in the litera-
ture, karyotypic data have been reported in only 14
cases (4 classical and 10 Asian variant), and in all
cases, complex cytogenetic abnormalities were
found (Table 3). This low frequency of reported
karyotypes is probably due to the diagnostic diffi-
culties seen in this disease, because a large propor-
tion of IVL cases is diagnosed at autopsy (42, 43).
Another reason that may account for this low fre-
quency is the unusual presentation of this tumor.
Patients with IVL typically present with nonlocaliz-
ing neurological signs and symptoms and/or raised
hyperpigmented or hemorrhagic skin lesions with
absence of distinct tumoral mass or apparent in-
volvement of hematopoietic organs (12). Usually,
cytogenetic analysis is not performed as part of the
initial work-up of these clinical manifestations. In
three cases, clonal cytogenetic abnormalities were
found in bone marrow (2 cases) and peripheral
blood (1 case) samples, which showed apparently
normal morphology (28–30). This suggests that pe-
ripheral blood and bone marrow involvement is
probably underestimated by conventional mor-
phology, and karyotyping of these sources of cellu-
lar material is worthwhile even in absence of ap-
parent morphologic involvement.

TABLE 4. Comparison of Cytogenetic Abnormalities

between IVL and AIVL

Classical Variant P*

Del (1q) 1/6 4/11 0.6
2q31–q37 0/6 3/11 0.5
3q21–q29 0/6 4/11 0.2
4q22–q28 0/6 4/11 0.2
4q31–q35 1/6 6/11 0.3

Deletions 6q11–q13 5/6 2/11 0.03
�7 0/6 3/11 0.5
9p13–p24 0/6 4/11 0.2
9q31–q34 1/6 4/11 0.6
14q32 0/6 4/11 0.2
18q23 1/6 4/11 0.6
22pter-cen 0/6 3/11 0.5
22q11-qter 0/6 4/11 0.2

Duplication 11q21 1/6 3/11 1.0
18q21q23 4/6 3/11 0.3

Breakpoints 1q12 0/6 3/11 0.5
8p21 0/6 3/11 0.5
6q15 0/6 3/11 0.5
1q42 2/6 0/11 0.1
6q11 3/6 0/11 0.03

* Two-tailed Fisher’s exact test.
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To our knowledge, this is the first report to de-
scribe cytogenetic abnormalities in IVL analyzed by
multicolor karyotyping. The application of M-FISH
clarified the chromosomal abnormalities in the
karyotypes of our reported cases. In all cases, stan-
dard G-banding showed chromosomal alterations
with unidentified additional material. By M-FISH,
cryptic translocations that include der(10)t(10;22),
der(17)t(17;22), and balanced t(11;14) were identi-
fied. In Case 3, the additional material on 14q32
was revealed to be part of a balanced t(11;14)(p15;
q32). The band 14q32 is known to contain the IGH
gene. However, locus-specific FISH with an IGH
probe did not show rearrangement of this gene, in
this case suggesting a breakpoint proximal to
14q32.3. A review of the previously reported karyo-
types revealed that breakpoints involving 14q32 lo-
cus were found in three other cases. Whether the
translocation that we have found in this study is a
unique or recurrent translocation in IVL will require
cytogenetic analysis of additional cases supple-
mented by multicolor karyotyping, chromosome
painting or telomeric FISH probes.

The quantitative analysis of our karyotypes and
those previously published reveals that an overall
pattern of chromosomal alterations typical of B-cell
lymphomas and in particularly of DLBCL (38).
However, recurrent translocations involving immu-
noglobulin loci and common oncogenes implicated
in B-cell lymphoma (cyclin D1, BCL2, BCL6, MYC)
have not been encountered. The most common
recurrent alterations were �6/6q� (59%) and �18/
dup(18q) (41%).

Complete or partial deletions of chromosome 6
were found in 10/17 (59%) karyotypes. The most
commonly deleted region was located to 6q21–q23.
Deletion of the long arm of chromosome 6 has been
described in 14–31% of large series of NHL (47, 48)
and has been associated with the full spectrum of
this disease (49). By quantitative cytogenetic anal-
ysis, three commonly deleted regions have been
found (48, 49). These are located at 6q21, 6q23, and
6q25. By loss of heterozygosity (LOH) studies,
Gaidano et al. (50) found two distinct regions of
minimal molecular deletion (RMD) at 6q25-q27
(RMD1) and at 6q21-q23 (RMD2). Offit et al. (48),
comparing the regions of minimal molecular dele-
tion with the common cytogenetic deletion regions,
postulated the presence of a third region of mini-
mal molecular deletion (RMD3) located at 6q23.
Starostik et al. (51) confirmed this postulate by find-
ing two LOH hot spots in gastric large cell lym-
phoma located at 6q21-q22.1 and 6q23.3-q25. In a
recent study, Nanjangud et al. (38) observed, by
using SKY techniques, that del(6q) was the most
frequent deletion in DLBCL (38%) with 6q23, 6q21,
6q25–27, 6q15, and 6q11–13 being the most com-
monly deleted regions in a decreasing order of in-

cidence. These results may suggest the presence of
at least five tumor suppressor genes located on the
long arm of chromosome 6 that could play roles in
the pathogenesis of B-NHL. Moreover, correlation
has been found between the distinct RMDs and the
different subtypes of B-NHL (49). DLBCL has been
associated with RMD2 located at 6q21–q23 (38, 49).
We found that the commonly deleted region in IVL
is located at 6q21–q23. These data indicate that IVL
is morphologically, clinically, and probably geneti-
cally related to DLBCL.

Trisomy 18 occurs in 10–14% of NHL usually as a
secondary abnormality (52, 53). Trisomy 18 or du-
plication of the long arm of chromosome 18 has
been identified in 7/17 (41%) cases of IVL but not as
a primary alteration. Gains of chromosome 18 ma-
terial have been reported recently in DLBCL, follic-
ular lymphoma, and MZL studied by comparative
genomic hybridization (CGH) techniques (54–56).
In these studies, it has been shown that the most
commonly amplified region is mapped to bands
18q21–22. This region is known to contain the BCL2
oncogene at 18q21.3. BCL2 is implicated in the
cellular apoptotic pathways. BCL2 overexpression
leads to inhibition of apoptosis conferring a sur-
vival advantage to cells and contributes by this
mechanism to the development of lymphoma.
Monni et al. (55) demonstrated BCL2 oncogene am-
plification in all 6 cases of DLBCL, which showed
gains in 18q by CGH. Dierlamm et al. (56) showed
BCL2 protein overexpression in 6 of 7 cases of MZL,
which had gains in 18q21. These data suggest an
association between gains in 18q, BCL2 gene am-
plification, and BCL2 protein overexpression. From
the three cases analyzed in this study, gain of 18q
was detected in one case (Case 2). Locus-specific
FISH with a BCL2 probe was applied in this case
and showed one normal copy on normal 18 and
prominent amplification on derivative 18 (Fig. 1E).
When our three cases were examined by immuno-
histochemistry, only Case 2 showed BCL2 protein
expression. BCL2 protein overexpression was sys-
tematically studied by immunohistochemistry in 13
cases of IVL and was positive in seven cases, but
cytogenetic data were not available for these cases
(5, 11, 57). Whether the over-expression of BCL2 in
IVL is always associated with gain of 18q or could be
due to other mechanisms cannot be answered pres-
ently. Identification of the normal cellular counter-
part of IVL, studies of the BCL2 protein expression
in these cases, and correlative studies between the
overexpression of BCL2 and abnormalities in 18q
are needed to enhance our understanding of the
role of BCL2 in this unusual lymphoid neoplasm.

Although we have shown differences in the fre-
quency of deletion of 6q11-q13 and breakpoint at
6q11 between IVL and AIVL, the number of cases
available for assessment is still too small for reliable
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interpretation of these findings. The examination of
additional karyotypic data using comprehensive
molecular cytogenetic approaches (M-FISH and
FISH) is needed to confirm our results and to assess
whether more differences could be found between
the two disease subtypes.
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