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CD5 expression in neoplastic large B-cells in T-cell/
histiocyte-rich large B-cell lymphoma has not been
reported, to the best of our knowledge. Here we
describe the first case of CD5� T-cell/histiocyte-rich
large B-cell lymphoma that is well documented by
histomorphology, immunohistochemistry, flow cy-
tometry immunophenotyping and sorting, and im-
munoglobulin heavy-chain gene rearrangement
study by polymerase chain reaction. The expression
of CD5 in large neoplastic B-cells was demonstrated
by immunohistochemistry and multicolor flow cy-
tometry. The clonal nature of the CD5� neoplastic
B-cells was confirmed by rearranged immunoglob-
ulin heavy (IgH) chain with polymerase chain reac-
tion (PCR) of flow cytometry–sorted CD5�/
CD19�/�� cells. The CD5� neoplastic large B-cells
expressed bcl-6 and MUM1/IRF4 but not CD138 by
immunohistochemistry. This suggests that the neo-
plastic cells may be of late germinal-center B-cell/
early post–germinal center B-cell origin. The pa-
tient responded to chemotherapy, CHOP (Cytoxan,
doxorubicin, vincristine, and prednisone), and Rit-
uxan very well and is currently in complete remis-
sion clinically. We propose that the current case,
CD5� T-cell/histiocyte-rich large B-cell lymphoma,
represents a variant of recently reported de novo
CD5� diffuse large B-cell lymphomas. Our patient
has had an excellent response to treatment; how-
ever, the clinical and biologic significance of CD5
expression in T-cell/histiocyte-rich large B-cell lym-
phoma requires further studies. Awareness of the
CD5� T-cell/histiocyte-rich large B-cell lymphoma
variant will prompt pathologists to perform CD5
immunohistochemical stain in cases of T-cell/
histiocyte-rich large B-cell lymphoma. This will lead

to identifying more cases to understand the clinical
and biologic characteristics of this variant.
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T-cell/histiocyte-rich large B-cell lymphoma is cur-
rently categorized as a variant of diffuse large B-cell
lymphomas in the World Health Organization and
revised European-American classification of lym-
phoid neoplasms (1, 2). Although there is no strict
criteria used nor a definite agreement on the diag-
nosis of T-cell/histiocyte-rich large B-cell lym-
phoma, the majority of the cases should have the
following characteristics: (1) a diffuse growth pat-
tern throughout the entire specimen on hematoxy-
lin and eosin stain (2), scattered large neoplastic B
cells that make up �10% of the total cell population
(3), the presence of other cells that are mostly T
cells and histiocytes, and (4) clonality of the neo-
plastic B cells demonstrated by immunohistochem-
ical and molecular techniques (3–7). It is usually
associated with advanced clinical stage at presen-
tation (3–5, 8).
T-cell/histiocyte-rich large B-cell lymphoma ap-

pears to be a heterogeneous group of B-cell lympho-
mas, which may arise de novo but may also be asso-
ciated with other lymphomas such as follicular
lymphoma and lymphocyte-predominant Hodgkin’s
disease (7, 9–11). Molecular analysis of T-cell/
histiocyte-rich large B-cell lymphoma has shown that
the rearranged immunoglobulin (Ig) genes in the ma-
jority of cases carry somatic mutation. This finding
indicates that these B cells are derived from germinal-
center B cells (12).
Recently, de novo CD5� diffuse large B-cell lym-

phomas has been reported by several groups of
investigators who proposed that this lymphoma is a
distinct subtype of diffuse large B-cell lymphomas
(13–21). We describe here, to the best of our knowl-
edge, the first case of CD5� T-cell/histiocyte-rich
large B-cell lymphoma. Expression of CD5 in the
neoplastic large B cells is demonstrated by immu-
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nohistochemistry and by flow cytometry. Further-
more, the clonal nature of the CD5� neoplastic
large B-cells is confirmed by � light-chain restric-
tion and rearranged immunoglobulin heavy (IgH)
chain using flow cytometry and polymerase chain
reaction (PCR), respectively.

CASE REPORT

A 47-year-old white male presented to our hos-
pital with a 4-month history of intermittent fever
(99–103° F), chills, sweating, weakness, and a 25-lb
weight loss. He denied any significant medical his-
tory. The patient worked as an assembly worker for
a tractor manufacturing plant. He did not smoke
and occasionally drank beer. The patient’s mother
had died of lymphoma; his father was living with
prostate cancer.

His physical examination was unremarkable ex-
cept for an enlarged spleen that was confirmed by
abdominal computed tomography (CT) scan, which
showed the spleen measuring 17 cm in craniocau-
dal dimension. There was a palpable right inguinal
lymph node but no other lymphadenopathy veri-
fied by chest and pelvic CT scan. His complete
blood cell count was significant for normocytic/
normochromic anemia (hemoglobin: 9.8 g/dL, he-
matocrit: 30%, MCV: 81 fL, MCH: 27 pg, MCHC: 33
g/dL) and leukocytosis (white blood cell count:
19,000/mm3) with neutrophilia (72%), monocytosis
(18%), and a few atypical lymphocytes. Elevated
serum levels of alkaline phosphatase (385 U/L) and
LDH (368 U/L) were also present. Other studies
showed negative results for viral, fungal, and bac-
terial infection. He subsequently underwent a
lymph node biopsy, bone marrow biopsy, splenec-
tomy, and liver biopsy. The results of pathologic
evaluation revealed the diagnosis of CD5� T-cell/
histiocyte-rich large B-cell lymphoma involving
lymph node, bone marrow, spleen, and liver.

The patient underwent treatment with combina-
tion chemotherapy consisting of Cytoxan, doxoru-
bicin, vincristine, and prednisone (CHOP), in con-
junction with Rituxan administrated every 3 weeks.
Within 2 weeks of the first cycle of treatment, his
symptoms of fever, chills, and sweats abated. Re-
evaluation with CT scan and bone marrow biopsy
after six cycles of therapy revealed no evidence of
residual disease. At this time, 6 months after com-
pletion of therapy, he has regained weight, feels
healthy, and remains in complete remission.

MATERIALS AND METHODS

Histology and Immunohistochemistry
The tissue specimens including lymph node,

spleen, liver, and bone marrow biopsies were fixed in

formalin or Bouin’s solution and paraffin embedded.
Four-micrometer sections were stained with hema-
toxylin and eosin. Immunohistochemical stains were
performed on the lymph node specimen for the fol-
lowing markers (Table 1): CD3, CD10, CD5, CD15,
CD20, CD23, CD30, CD68, CD138, cyclin D1, Epstein-
Barr virus (EBV)-LMP, MUM1/IRF4 (multiple myelo-
ma-1/interferon regulatory factor-4), and bcl-6. All
slides were stained using the DAKO automated im-
munostainer (Carpinteria, CA). CD3 and CD20 stains
were also performed on the other specimens. The
slides were incubated in labeled streptavidin–biotin
for linking and labeled subsequently with diamino-
benzidine chromogen. Appropriate positive and neg-
ative controls were used in all cases.

DNA Extraction from Lymph Node of Paraffin-
Embedded Tissue

The DNA of lymph node was extracted from the
paraffin-embedded tissue with 5-�m sections using
established protocol (22). The extracted DNA was
further tested by an established �-globin PCR assay
to ensure that the DNA was able to be amplified by
PCR (22).

Flow Cytometry
The mononuclear cells prepared from bone mar-

row aspirate were incubated with each antibody
coupled with various fluorochromes. The antibod-
ies studied included the following: CD2, CD3, CD5,
CD4, CD8, CD10, CD19, CD20, � light chain, and �
light chain. Three-color flow cytometry surface
marker analysis was performed with FACScan flow
cytometer (Becton Dickinson, San Jose, CA). The
data analysis was done using CELLQuest software
(Becton Dickinson).

TABLE 1. Characteristics of the Antibodies Used

Antibody Clone Manufacturer (location) Dilution

CD3 NA DAKO (Carpinteria, CA) 1�300
CD5 CD5/54/F6 DAKO 1�100
CD10 56C6 Novocastra (Newcastle,

UK)
1�50

CD15 Leu-M1 Becton Dickinson (San
Jose, CA)

1�50

CD20 L26 DAKO 1�400
CD23 IBI2 Novocastra 1�40
CD30 Ber-H2 DAKO 1�60
CD68 PGM-1 DAKO 1�200
CD138 MI-15 DAKO 1�50
MUM1/IRF4 M-17 Santa Cruz Biotechnology

(Santa Cruz, CA)
1�200

Bcl-6 NA Santa Cruz Biotechnology 1�300
Cyclin D1 DSC-6 DAKO 1�25
EBV-LMP CS1-4 DAKO 1�50

The method for epitope retrieval was a heating water bath at 100 °C
with pH 6.0 citrate buffer for 35 minutes for all antibodies except EBV-
LMP, whose epitope was retrieved by proteinase K treatment. NA, not
applicable, polyclonal; EBV, Epstein-Barr virus.
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For flow cytometry sorting, the mononuclear
cells from marrow aspirate were incubated with
three antibodies: CD5, CD19, and � light chain in
one tube. The sorting was performed using a FACS
Vantage flow cytometer/sorter (Becton Dickinson).
CD5�/CD19�/�� cells and CD5�/CD19�/��
cells were collected into two separate tubes con-
taining 100 �L of proteinase K digestion buffer (pro-
teinase K, 1 mg/mL). The tubes were incubated at
37° C for 36 hours. Then, the proteinase K was
inactivated at 95° C for 5 minutes. The DNA in the
tubes was then stored at 4° C until used.

IgH Gene Rearrangement and t(14;18) Study by
Polymerase Chain Reaction

Polymerase chain reaction (PCR) was performed
in a 20-�L reaction with consensus primers (23) for
Framework Region 3 (FR3) and JH, 100 ng DNA
from flow cytometry–sorted cells (5�/19�/kappa�
or 5�/19�/kappa�) or paraffin-embedded lymph
node tissue, dNTP, Taq polymerase, and 4.0 mM

Mg2� using Lightcycler (Roche Diagnostic). The se-
quences of the primers were as follows: 5'-
CTGTCGACACGGCCGTGTATT ACTG-3' (FR3) and
5'-AACTGCAG AGGAGACGGTGACC-3' (JH). The 40
cycles of reaction were done with denaturation at
94° C for 0 second, annealing at 59° C for 5 seconds,
and extension at 73° C for 8 seconds. The PCR
products were then loaded on 8% polyacrymide gel
and stained with ethidium bromide.

The PCR reaction for detecting t(14;18) was per-
formed similarly using the primers (5'-AGATG-
GCAAATGACCAGCAGA-3' and 5'-ACCTGAGGAGA-
CGG TGACC-3') to detect bcl-2/JH rearrangements
that occur at the major breakpoint region. The PCR
products were then loaded on 2% agarose gel and
stained with ethidium bromide.

RESULTS

The hematoxylin and eosin (H&E)–stained sec-
tions of the lymph node showed complete efface-
ment of the lymph node architecture by a diffuse
lymphocytic infiltrate composed of predominantly
small, mature lymphocytes and histiocytes with
scattered large neoplastic lymphocytes (Fig. 1, A-B).
The large neoplastic lymphocytes, which consisted
of �10% of total cells, contained vesicular nuclei,
irregular and some polylobated nuclear contours,
prominent nucleoli, and moderate amount of cyto-
plasm. These neoplastic cells expressed CD20 (Fig.
1C), CD5 (Fig. 1D), MUM1/IRF4 (Fig. 1E), Bcl-6 (Fig.
1F), and CD30 (partial) but not CD3, CD10, CD23,
CD15, CD138, cyclin D1, or EBV-LMP. The back-
ground histiocytes were highlighted by CD68 (PG-
M1), and the small mature lymphocytes were con-
firmed to be T cells expressing CD3 but not CD20.

The expression of CD5 in the large neoplastic
lymphocytes was further confirmed by flow cytom-
etry study performed in marrow specimen, in
which involvement by lymphoma was clearly dem-
onstrated by morphology and clonality studies. The
marrow aspirate showed scattered large neoplastic
lymphocytes with irregular nuclear contour, prom-
inent nucleoli, and moderate amount of cytoplasm.
The bone marrow core biopsy displayed a hyper-
cellular marrow with trilineage hyperplasia. There
were interstitial lymphoid infiltrates composed of
predominantly small lymphocytes (CD3� T cells)
with scattered large neoplastic lymphocytes
(CD20�).

The flow cytometry analysis of marrow aspirate
showed a small but distinct population (3% of total
collected events or 16% of total lymphocytes) of
monoclonal B cells that expressed CD5, CD19,
bright CD20, and bright � light chain but not CD23
or CD10. The CD5�/CD19�/�� cells were larger
than the reactive T lymphocytes (CD5�/CD19�/
��) by forward light scatter characteristics (Fig. 2).

The sorted CD5�/CD19�/�� neoplastic B cells
showed a rearranged IgH band with a size of about
98 base pairs by PCR (Fig. 3). The sorted CD5�/
CD19�/kappa� cells showed an oligoclonal/poly-
clonal pattern. This pattern may represent a re-
stricted B-cell repertoire or a neoplastic clone with
some clonal diversity generated through somatic
hypermutation. The finding that the CD5�/
CD19�/kappa� cells were small in size by forward
light scatter characteristics (data not shown), how-
ever, favored the former. Both the sorted CD5�/
CD19�/kappa� cells and sorted CD5�/CD19�/
kappa� cells showed no evidence of t(14;18) by
PCR. The DNA extracted from lymph node of the
paraffin-embedded section failed to show any
clonal B-cell proliferation by IgH gene rearrange-
ment, most likely because of the low amounts of
neoplastic cells in the background of abundant re-
active T cells and histiocytes (Fig. 4).

The H&E–stained sections of the liver biopsy
show a preserved hepatic architecture with scat-
tered CD20� large neoplastic lymphocytes infiltrat-
ing the sinusoids. The H&E–stained sections of the
spleen revealed unremarkable white pulp. The large
neoplastic lymphocytes were scattered in the red
pulp and were highlighted by CD20 stain.

DISCUSSION

Expression of CD5 in neoplastic large B cells in
T-cell/histiocyte-rich large B-cell lymphoma, to the
best of our knowledge, has not been reported. Here,
we describe the first case of T-cell/histiocyte-rich
large B-cell lymphoma with CD5 expression in the
large neoplastic B cells. This case meets the mor-

CD5� T-Cell/Histiocyte-Rich Large B-Cell Lymphoma (C.-C. Chang et al.) 1053



phologic criteria for a prototype of T-cell/
histiocyte-rich large B-cell lymphoma with the
lymph node biopsy showing a diffuse histology with
infiltrates of predominantly small reactive T lym-

phocytes and histiocytes with scattered large neo-
plastic B lymphocytes that make up �10% of the
entire cellular population. The expression of CD5
was demonstrated by immunohistochemistry in the

FIGURE 1. The histology and immunohistochemistry of CD5� T-cell/histiocyte-rich large B-cell lymphoma. A, at low power, normal nodal
architecture is replaced by a diffuse lymphocytic infiltrate (hematoxylin and eosin staining [H&E], 40�). B, at high power, the infiltrate is composed
predominantly of small lymphocytes and histiocytes with scattered large neoplastic lymphocytes (H&E, 400�). C, the large neoplastic lymphocytes
express CD20 but not the small reactive lymphocytes (immunostain, 400�). D, the neoplastic cells express CD5 and are surrounded by small reactive
T cells, which also express CD5 strongly. The insets highlight the CD5� neoplastic cells, one cell in mitosis (immunostain, 400�). E, nuclear and
cytoplasmic staining of MUM-1/IRF4 is shown in the large neoplastic cells. A few small activated T cells are also positive (immunostain, 400�). F,
the large neoplastic cells show nuclear expression of bcl-6 (immunostain, 400�).
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lymph node specimen and further supported by
flow cytometry study in the marrow aspirate. The
clonality of neoplastic cells is further established by
IgH rearrangement with neoplastic lymphocytes
isolated by flow cytometry sorting.

The most unique presentation of this case is the
expression of CD5 in the large neoplastic lympho-
cytes. Immunohistochemical stains and flow cy-
tometry study confirm this finding. CD5 expression
in large B cells is very unusual, although it is com-
mon in B-cell chronic lymphocytic leukemia/small
lymphocytic lymphoma and mantle cell lymphoma.

FIGURE 2. The results of flow cytometry study. A and B, the neoplastic lymphocytes (in red) in the marrow aspirate are monotypic, expressing
CD5, CD19, and � light chain. C, the neoplastic lymphocytes (in red) are larger than the reactive T lymphocytes (in green, CD5�/CD19�/kappa�)
by light scatter characteristics.

FIGURE 3. The results of immunoglobulin heavy chain
rearrangement study on flow cytometry–sorted cells by polymerase
chain reaction: the sorted CD5�/CD19�/�� neoplastic cells from
marrow aspirate are monoclonal (Lane 4), with the band at size of 98
base pairs. In contrast, the CD5�/CD19�/�� normal B cells show
oligo(poly)clonal pattern (Lane 3). Lane 1 shows molecular weight
markers (from bottom to top: 50, 100, 200, 300, 400, 500, and 600 base
pairs, respectively), and Lane 2 is the water control. The very distal
band (band at size of �50 base pairs) in lanes 3 and 4 represents the
band from primer–dimer formation.

FIGURE 4. The results of immunoglobulin heavy chain
rearrangement study on paraffin-embedded lymph node tissue by
polymerase chain reaction: there is no clonal band identified in the
lymph node, most likely due to the small amount of neoplastic cells in
the background of abundant T cells and histiocytes (Lane 4). Lanes 1
to 3 represent water control, polyclonal control (tonsil), and positive
control (B-cell lymphoma cell line, Namalwa), respectively. Lane 5 is
the molecular weight ladder (from bottom to top: 50, 100, 200, 300, 400,
500, and 600 base pairs, respectively). The very faint distal band (band
at size of �50 base pairs) in Lane 1 represents band from
primer–dimer formation.
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CD5� de novo diffuse large B-cell lymphomas is
recently identified as a rare variant of diffuse large
B-cell lymphomas and was first described by Ma-
tolcsy et al. in 1995 (20). They reported nine CD5-
positive diffuse large B-cell lymphomas that ex-
pressed CD19, CD22, CD20, and monotypic
immunoglobulin but not CD3, CD10, CD23, or
CD30. These cases lacked integration of the
Epstein-Barr virus genome and structural alter-
ations of the bcl-1, bcl-2, c-myc, H-ras, K-ras, and
N-ras proto-oncogenes and the p53 tumor suppres-
sor gene. However, bcl-6 proto-oncogene rear-
rangement was found in four cases (44.4%). This is
comparable with the frequency of bcl-6 gene rear-
rangement in CD5-negative diffuse large B-cell
lymphomas (20). They suggested that de novo
CD5� diffuse large B-cell lymphomas are genotyp-
ically similar to CD5-negative diffuse large B-cell
lymphomas (20).

Further studies have suggested that CD5� diffuse
large B-cell lymphomas are heterogeneous; most
cases do not seem to be related to chronic lympho-
cytic leukemia or mantle cell lymphoma (15, 18,
19). Studies by Taniguchi et al. and Kume et al. (18,
19) have shown somatic hypermutations in the IgH
gene of the CD5� diffuse large B-cell lymphomas.
This finding suggests that CD5� diffuse large B-cell
lymphomas were derived from the same matura-
tion stage as were CD5� diffuse large B-cell lym-
phomas, that is, those from germinal-center B cells
or post–germinal center B-cells (18). However, oth-
ers have suggested that the histogenesis of CD5�
diffuse large B-cell lymphomas may be different
from that of CD5- diffuse large B-cell lymphomas
because of the differences in the frequencies of
somatic mutation and ongoing mutation rates (13).

Clinically, de novo CD5� diffuse large B-cell lym-
phomas tend to be elderly onset (median age, 63
years; range, 37–91 years), with female predomi-
nance. Most patients had extranodal involvement
at presentation. In comparison with the patients
with CD5-negative diffuse large B-cell lymphomas,
the treatment outcome for the patients with de
novo CD5� diffuse large B-cell lymphomas was
very poor with frequent relapse (18, 16, 21). The
failure-free survival curve was almost identical to
that of patients with mantle cell lymphoma. These
findings suggest that de novo CD5� diffuse large
B-cell lymphomas form a distinct subgroup of dif-
fuse large B-cell lymphomas (18, 16, 21).

We propose that the current case, CD5� T-cell/
histiocyte-rich large B-cell lymphoma, represents a
variant of CD5� diffuse large B-cell lymphomas in
agreement with the current concept of recognizing
CD5-negative T-cell/histiocyte-rich large B-cell
lymphoma as a variant of CD5-negative diffuse
large B-cell lymphomas. We hypothesize that the
CD5� large neoplastic lymphocytes in this case

may arise from the same B cells that give rise to the
recently identified CD5� de novo diffuse large
B-cell lymphomas. The expression of bcl-6 and
MUM1/IRF4 but not CD138 by the neoplastic lym-
phocytes suggests that the histogenesis of these
lymphocytes is most likely late–germinal center B-
cell/early post–germinal center B-cell origin (24,
25). The lack of expression of cyclin D1 rules out the
relationship with large-cell variant of mantle cell
lymphoma (26). The absence of preceding lympho-
cytosis, the bright CD20 as well as bright light-chain
expression, and the lack of CD23 expression argue
against the case arising from transformation of
B-cell chronic lymphocytic leukemia/small lym-
phocytic lymphoma.

Our patient has had an excellent response to
treatment and is currently in complete remission.
However, the clinical and biologic significance of
CD5 expression in T-cell/histiocyte-rich large B-cell
lymphoma requires further studies. Awareness of
the CD5� T-cell/histiocyte-rich large B-cell lym-
phoma variant will prompt pathologists to perform
CD5 immunohistochemical stain in cases of T-cell/
histiocyte-rich large B-cell lymphoma. This will
lead to identifying more cases to understand the
clinical and biologic characteristics of this variant.
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