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Abstract B-cell lymphomas generally do not express T-cell
intracellular antigen-1 (TIA-1), a cytotoxic granule-
associated protein. We report a case of EBV-positive diffuse
large B-cell lymphoma (DLBCL) of the elderly with aberrant
expression of TIA-1. The patient was an 84-year-old man
with a history of progressively enlarged left parotid mass and
mild facial paresis for 2 months. The incisional biopsy
revealed sheets of medium to large lymphoma cells with
focal angiocentricity and extensive tumor necrosis; only a
few scattered small lymphocytes were noted among the
lymphoma cells. Immunohistochemistry in formalin-fixed
paraffin-embedded tissue demonstrated that the lymphoma
cells marked with CD20, CD30, CD45 (focal), CD79a,
BCL2 (focal and weak), PAX5, Oct2, BOB.1, IRF4/MUM1,
EBV-LMP1, and TIA-1, but they did not mark with CD3,
CD4, CD5, CD7, CD8, CD10, CD15, CD23, CD56, CD57,
CD138, kappa and lambda immunoglobulin light chains,
BCL6, βF1, granzyme B, or perforin. The aberrant TIA-1

expression was then confirmed by two different autostainers.
EBV-encoded RNA (EBER) in situ hybridization was
positive in the lymphoma cells. Gel electrophoresis for
immunoglobulin heavy chain (IgH) and T-cell receptor
(TCR) gene rearrangements revealed no definite clonal band,
but fluorescence capillary electrophoresis demonstrated
positive results for both IgH and TCR genes. Finally, we
concluded this case as an EBV-positive DLBCL of the
elderly with dual genotype (rearrangements of both IgH and
TCR genes) and aberrant TIA-1 protein expression.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is a type of
mature B-cell neoplasm in the WHO classification (2008),
and it is the most common lymphoma worldwide [1]. It is
also the most common lymphoma in Thailand [2, 3]. It
commonly occurs in either nodal or extranodal sites. EBV-
positive DLBCL of the elderly is an EBV-associated
DLBCL subtype, occurs in more than 50-year-old patients,
and usually found in extranodal sites [1].

TIA-1 protein was identified by Anderson et al. [4] as a
cytotoxic granule-associated protein, involving in
apoptosis-promoting protein [5]. It has been found in the
cytoplasm of both normal and neoplastic cytotoxic T-cells
and NK-cells [1, 4, 6]. However, TIA-1 expression is not
generally found in normal and neoplastic B-cells.

Although almost all cases of DLBCL show immuno-
globulin heavy chain (IgH) gene rearrangement, demon-
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strated by molecular genetic techniques [1, 7–9], but
bigenotypic DLBCL, which has both immunoglobulin
heavy chain (IgH) and T-cell receptor (TCR) gene
rearrangement (DLBCL with dual genotype), is not
uncommon [7, 8, 10].

We report a case of EBV-positive DLBCL of the elderly
with dual genotype and aberrant TIA-1 expression.

Case history

An 84-year-old man initially presented with a progressively
enlarged left parotid mass, local pain, and low-grade fever
for 2 months. He was previously healthy and did not have
any history of chronic inflammation in this area. Physical
examination revealed a left parotid mass with mild
ipsilateral facial paresis. Fine needle aspiration of the mass
revealed only some inflammatory cells with necrotic debris.
Then, the patient was treated as parotid abscess. However,
the clinical signs and symptoms were not improved; the
mass still progressively enlarged, and left facial paresis
gradually deteriorated. Computerized tomography (CT)
scan revealed a well-circumscribed parotid mass, 7 cm in
diameter, with central liquefaction, involving both superfi-
cial and deep lobes; no regional lymphadenopathy was
noted. Due to there being no clinical improvement at
patient follow-up, an incisional biopsy of the mass was then
performed for histopathologic diagnosis.

Materials and methods

Histopathologic evaluation and immunohistochemical
and in situ hybridization studies

The biopsy sample was processed in a technique for
routine histopathology. Hematoxylin and eosin (H&E)
slides were reviewed. Immunohistochemistry from
formalin-fixed paraffin-embedded tissue was performed
by Bench-Mark® XT autostainer. In situ hybridization for
EBV-encoded RNA (EBER), kappa, and lambda light
chain mRNA were also performed in the same automated
machine. After the unusual expression of TIA-1 (Biocare),
the test was simultaneously repeated by both Bench-
Mark® XT (Roche Diagnostic) and Bond MAX® (Leica)
autostainers.

Molecular genetic studies

Twenty serial 10-μm-thick sections from formalin-fixed
paraffin-embedded tissue were obtained for molecular
genetic study. In brief, tissue was extracted from paraffin
by xylene and then followed by ethyl alcohol. QIAamp®

DNA mini kit (Qiagen) was used for the DNA extraction.
The DNA concentration was measured by Smartspect®
(BIO-RAD).

The PCR primer sequences were designed following
BIOMED-2 [11]. The numbers of forward/reverse primers
for amplification of IgH, βTCR, γTCR, and δTCR genes
were 27/1, 25/13, 4/2, and 7/5, respectively. The IgH,
βTCR, γTCR, and δTCR gene primers were arranged into
five, three, two, and four groups, respectively. Each group
of primers was used for DNA amplification in an individual
test tube, in the thermal cycler (BIO-RAD). In brief, 800–
1,000 ng genomic DNA was added up to a final reaction of
50 μl. After the initial hot start, using Faststart® (Roche
Diagnostic) at 95°C for 7 min, PCR-cycle program was
denatured at 95°C for 45 s, followed by annealing at 60°C
for 45 s, and extension at 72°C for 90 s. The program was
repeated for 34 cycles, and then a final extension was
performed at 72°C for 10 min.

For gel electrophoresis (heteroduplex analysis), the 20 μl
of PCR product was denatured at 95°C for 5 min and rapid
random renatured at 4°C for 1 h. Gel electrophoresis was
performed in 6% polyacrylamide gel (non-denatured
acrylamide gel, 16×16×0.1 cm), using SE600 Ruby®
(Amersham Bioscience), at room temperature, 110 V, for
210 min. The gel was stained by 0.5 μg/ml ethidium
bromide and photographed under ultraviolet light using
ChemiDoc™ XRS System (BIO-RAD). Gel electrophoresis
was performed in duplicate.

For fluorescence capillary electrophoresis (GeneScan™,
Applied Biosystems), the PCR product was carried out by
the conditions mentioned above, but with substitution of
original primers by four-color fluorescence-labeled primers
in each tube. The amplified fragments were analyzed by
3130 Genetic Analyzer® (Applied Bioscience), according
to the manufacturer's protocol. In brief, each sample,
containing 1 μl of the PCR product, was mixed with
10.7 μl of Hi-Di™ formamide and 0.3 μl of 600 LIZ® size
standard (Applied bioscience). Samples were denatured at
95°C for 5 min and then immediately chilled on ice for
2 min. POP-4™ polymer solution (gel) (Applied Biosci-
ence) was used for capillary electrophoresis. Intensity of the
PCR products was analyzed by GeneMapper® software,
version 3.2 (Applied Bioscience). Fluorescence capillary
electrophoresis was performed in duplicate.

Results

The biopsy (see Fig. 1) revealed sheets of medium to large
lymphoma cells with focal angiocentricity and extensive
geographical necrosis. The obtained tissue included only
skin and subcutaneous fat; no salivary tissue was obtained.
The lymphoma cells showed homogeneous, medium to
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large, round to oval nuclei, vesicular nuclear chromatin,
with a single nucleolus or a few small nucleoli, and a small
amount of cytoplasm. A few scattered small lymphocytes
were also noted among the lymphoma cells. There was no
inflammatory background, polymorphous-looking area,
anaplastic large cell, or Reed-Sternberg-liked cell, identified
on all histological sections.

Immunohistochemistry demonstrated that the lymphoma
cells marked with CD20, CD30 (70% of tumor cells),
CD45 (25% of tumor cells), CD79a, BCL2 (focal and
weak), PAX5, Oct2, BOB.1, IRF4/MUM1, EBV-LMP1,
and TIA-1, but they did not mark with CD3, CD4, CD5,
CD7, CD8, CD10, CD15, CD23, CD43, CD56, CD57,
CD138, BCL6, βF1, granzyme B, or perforin. TIA-1 was
strongly and diffusely expressed by almost all of the
lymphoma cells, with paranuclear dot and/or coarse
cytoplasmic granular fashion. A few scattered small

reactive T-cells (CD3+) were noted. Proliferation index
determined by Ki67 immunoperxidase was approximately
70%. Less than 5% of the neoplastic cells marked with p53.
Kappa and lambda immunoglobulin light chains were
negative from both immunoperoxidase and in situ hybridiza-
tion (for mRNA) techniques, respectively. EBER in situ
hybridization showed diffuse positivity in the lymphoma cells,
and the pattern of positivity was similar to the CD20-positive
medium to large cells.

Based on gel and fluorescence capillary electrophoresis
analyses, the patient's sample was performed in duplicate
for detection of both IgH and TCR gene rearrangements.
However, gel electrophoresis showed no definite clonal
band of both IgH and TCR genes, whereas fluorescence
capillary electrophoresis revealed positive results in both
IgH and TCR genes (see Fig. 2). In detail, the IgH, βTCR,
and γTCR gene rearrangement was positive in two out of

Fig. 1 DLBCL with cytotoxic
granules. a At low magnifica-
tion, scattered sheets of viable
tumor cells (purple color) are
noted on the background of
extensive tumor necrosis
(pink color). b Medium to large
lymphoma cells infiltrate in the
background of cell debris. A
part of sweat gland is noted at
the right upper corner (H&E,
×400). c CD3-negative lympho-
ma cells with some scattered
small reactive CD3+ T-cells. d
CD20+ lymphoma cells (mem-
branous staining). e Strongly
positive TIA-1 (cytoplasmic
staining) in lymphoma cells. f
Positive EBER in situ hybrid-
ization (dark blue) in lymphoma
cells
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five, one out of three, and one out of two tubes,
respectively. However, δTCR gene rearrangement was
negative in all tests.

Discussion

This particular case showed diffuse growth pattern of the
homogeneous medium to large lymphoma cells with diffuse
expression of many B-cell markers (CD20+, CD79a+,
PAX5+, Oct2+, BOB.1+), while it lacked any T-cell
markers (CD3−, CD4−, CD5−, CD7−, CD8−). Evidence
of EBV infection in the tumor cells was demonstrated by
EBV-LMP1 immunostaining and EBER in situ hybridiza-
tion. Interestingly, the tumor cells had a TIA-1 expression
but not perforin or granzyme B. Even though the genetic
profiles showed dual genotype but the lymphoma cells

expressed typical B-cell phenotype. Thus, we concluded
this case as an EBV-positive DLBCL of the elderly with
dual genotype and aberrant TIA-1 expression. By the
lacking of polymorphous morphology, this is a large
lymphoma-cell subtype but it does not have any clinical
significance [1].

Differential diagnoses in the present case include
classical Hodgkin lymphoma (CHL), lymphomatoid gran-
ulomatosis (LYG) grade 3, DLBCL associated with chronic
inflammation, and DLBCL, not otherwise specified (NOS).
Since this case had a typical DLBCL morphology, no
inflammatory background, Reed−Sternberg-like cell, or
large anaplastic-looking cell, was noted, and together with
the diffuse expression of CD20, CD79a, Oct2, and BOB.1,
CHL was then excluded, although there was only partial
expression of CD45 [1]. One cannot rely on expression of
CD30 in this situation because CD30 expression can be

Fig. 2 Fluorescence capillary
electrophoresis shows positive
results of both IgH (prominent
peak with asterisk in a) and
TCR gene rearrangements (peak
with asterisk in b). Note: The
orange peaks with number-
labels are 600 LIZ® size-
standard markers. IgH gene tube
(a), contains six forward and
one reverse primers, while TCR
gene tube (b) contains two for-
ward and 13 reverse primers. In
each tube, four-color
fluorescence-labeled primers
produced up to four color peaks
(other than the orange one).
Therefore, difference in color
represents different primer
products and must be individu-
ally interpreted. However, the
same color peak may be derived
from different primer products,
this because the numbers of
primers exceed the numbers of
fluorescence dyes
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observed in some cases of DLBCL. Distinction from CHL
can also be made by the large number of lymphoma cells
with expression of CD20 or other B-cell markers, usually
greater than 50% of the lymphoma cells as suggested by
Asano et al. [12]. LYG grade 3 is the most difficult one to
be distinguished from EBV-positive DLBCL of the elderly
since both share a similar morphology in terms of a large
number of large B-cells, angiodestructive pattern, and
association with EBV. However, this case had no polymor-
phous background, but did have diffuse sheets of monot-
onous large B-cells; thus, according to the WHO
classification, the present case was not considered in the
diagnostic criteria of LYG [1]. DLBCL associated with
chronic inflammation is another EBV-associated DLBCL,
and it may have extensive necrosis and angiocentric
growth. However, the lack of a history of chronic
inflammation in the left parotid area in the present case
should be sufficient to exclude DLBCL associated with
chronic inflammation [1, 13, 14]. DLBCL, NOS was
discussed here as a differential diagnosis, but it should be
emphasized that, to make the diagnosis of “DLBCL, NOS,”
according to the WHO classification, one needs to exclude
a number of specific large B-cell lymphoma entities.
Clinical information is therefore very important for an
appropriate line of investigation. Even with the age of the
patient (>50 years), regardless of available information of
any immunodeficiency or prior lymphoma, one should
consider performing in situ hybridization for EBER in order
to diagnose EBV-positive DLBCL of the elderly, as in the
present case.

TIA-1 protein is found in the cytoplasm of both normal
and neoplastic cytotoxic T-cells and NK-cells [1, 4, 6]. In
the aspect of TIA-1 protein expression in B-cell derived
neoplasms, Mori et al. reported a high proportion (five of
nine cases) of TIA-1 protein expression in hairy cell
leukemia [15]. However, expression of granzyme B and
perforin was not found in these cases [15]. Felgar et al. and
Kanavaros et al. reported a low proportion of Hodgkin
lymphoma with TIA-1 protein expression [16, 17]. In
addition, a case of pyothorax-associated lymphoma with
TIA-1 protein expression was reported by Nakamichi et al.
[18]. Therefore, a few cases of B-cell-derived neoplasms
with TIA-1 protein expression were readily identified.

Perforin and granzyme B, the other types of cytotoxic
associated protein, are expressed at the higher level in
activated cytotoxic T-cells and NK-cells [19, 20]. Both of
them are secreted to target cells in order to induce apoptosis
[21–23]. In contrast to perforin and granzyme B, TIA-1 was
not mentioned as a degranulated cytotoxic protein to target
cells in the recent review literature [21–23], but it is found
at the membrane of cytotoxic granules by immuno-electron
microscopy technique [24]. In addition, perforin or gran-
zyme B expression in B-cell non-Hodgkin lymphomas has

never been reported. Therefore, for determination of
cytotoxic property of lymphoid cells, perforin and gran-
zyme B seem to have a higher specificity than TIA-1.

In this case, the tumor cells expressed only TIA-1, but
not perforin and granzyme B; thus, the TIA-1 expression
may not reflect a functional cytotoxic property. However,
the cause and significance of TIA-1 expression in this case
are not known. Unfortunately, we did not have an adequate
tissue for electron microscopic study to verify the existence
of cytotoxic granules in the lymphoma cells. We also did
not have fresh tissue for flow cytometry or cytogenetics.

We used both gel and fluorescence capillary electropho-
resis for genotypic determination of the lymphoma.
Fluorescence capillary electrophoresis has been docu-
mented as having a higher sensitivity for detection of
lymphoma clonality than the aforementioned technique
[25–27]. In our experience, some lymphoma cases with
negative results by gel electrophoresis might show positive
results by fluorescence capillary electrophoresis. Moreover,
fluorescence capillary electrophoresis provides semi-
quantitative assessment to the tests. Therefore, it is possible
that gel electrophoresis can produce a false-negative result
in this particular case.

Theriault et al., Garcia et al., and Vergier et al. studied
the IgH and TCR gene analysis in B-cells and T-cells
neoplasms; bigenotypic cases of overall mature B-cell
neoplasms were 10% (18/181 cases), 16% (7/43 cases),
and 13% (43/316 cases), respectively, while bigenotypic
DLBCL in the same studies were 13% (5/38 cases), 17%
(2/12 cases), and 17% (19/112 cases), respectively [7, 8,
10]. Thus, by conventional techniques, bigenotypic
DLBCL is not uncommon. In addition, using a single-cell
microdissection (after immunohistochemistry) and single-
cell combined IgH and TCR gene analysis, Vergier et al.
demonstrated a case of mantle cell lymphoma of genuine
dual genotype, whereas the other case of DLBCL had only
IgH gene rearrangement where TCR gene rearrangement
was found only in the microdissected T-cells (CD3+ or
CD4+) [10]. Therefore, dual genotype does not go against
the diagnosis of B-cell lymphoma in the particular case
with typical B-cell phenotype. In the present case, we did
not have a single-cell microdissection available to confirm
whether the lymphoma cell had genuine dual genotype or
not.

The cause and significance of lymphoma with dual
genotype are not known. A previous study suggested that
immunodeficiency state may increase possibility of lym-
phoma with dual genotype [28], but only a few cases were
included in the study to make such a conclusion.

In conclusion, DLBCL with dual phenotype is not
uncommon, but a case with aberrant expression of TIA-1
is extremely rare. After extensive search in the English
literature, we found only a reported case of pyothorax-
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associated lymphoma that had dual genotype and also
expressed TIA-1 protein [18], similar to our case. The cause
and significance of TIA-1 expression in B-cell neoplasms
should be further investigated.

Follow up

The patient's chest X-ray film revealed right upper lobe
infiltration without hydrothorax. Bronchoscopy with trans-
bronchial biopsy was then performed, yielding necrotic
tissue containing a few acid-fast bacilli, diagnostic of
mycobacterial infection. Therefore, the patient was treated
with anti-tuberculotic drugs. For the specific lymphoma, the
first cycle of R-CHOP chemotherapy was administered;
however, the parotid mass and clinical symptoms were not
improved. Finally, he refused to receive any more specific
treatment for lymphoma and returned home to receive the
medical treatment from a local hospital in his hometown.
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