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Abstract
Three main patterns of T cell receptor (TCR) expression are identified in peripheral T cell lymphoma (PTCL): TCR-αβ type,
TCR-γδ type, and TCR silent type. Cases of PTCL that express both αβ and γδ receptors are rare. Here, we report a case of
PTCL-NOS (not otherwise specified) with dual αβ and γδ expression in a 61-year-old female 6 years after orthotopic cardiac
transplant. The patient presented with fatigue, fever, worsening anemia, and thrombocytopenia. A chest CT showed multiple
irregular lung nodules and diffuse lymphadenopathy. Cytology evaluation of the lymph nodes revealed large atypical lympho-
cytes with immunopositivity for CD3, CD8, CD56, TIA1, and granzyme B and immunonegativity for CD5 and CD30. Epstein-
Barr virus (EBV) was not detected by EBV-encoded RNA (EBER) in situ hybridization study. The corresponding flow cytometry
demonstrated abnormal T cells with TCR-αβ and TCR-γδ expression and loss of CD5 expression. ATCR gene rearrangement
study demonstrated the presence of a clonal lymphoid population with TCRβ and TCRγ rearrangements. The patient was
deceased within 2 months despite aggressive treatment. The findings were consistent with an EBV-negative, monomorphic T
cell post-transplant lymphoproliferative disorder (PTLD) with features of PTCL-NOS. A literature review of T cell lymphoma
with co-expression of TCR-αβ and TCR-γδ was performed. A case of aggressive PTCL with dual expression of TCR-αβ and
TCR-γδ in a post-transplant setting has not been previously reported.
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Introduction

Tcells develop in the thymus and are defined by their expression
of either αβ or γδ T cell receptors (TCR), which are composed
of different sets of somatically rearranged polypeptide heterodi-
mers. Alpha-beta Tcells constitute 95% of all Tcells, while γδ T
cells comprise < 5% of all circulating lymphocytes. The majority
of T cells in lymphoid tissues are αβ T cells [1].

Peripheral T cell lymphoma (PTCL) is a heterogeneous
group of mature T cell neoplasms that represents less than
15% of all non-Hodgkin’s lymphoma in adults [2]. Three
main patterns of TCR expression can be identified in PTCLs
using monoclonal antibodies specific for the β chain (beta F1)

of the αβ-TCR and the δ chain (anti-TCR delta-1) of the γδ-
TCR: the common TCR-αβ type, the less common TCR-γδ
type, and the TCR silent type [3]. Recently, another rare pat-
tern has been reported in the literature that demonstrates co-
expression of both TCR-β and TCR-γ chains. These include
rare variable types of cutaneous T cell lymphoma (CTCL)
[4–8], enteropathy-associated T cell lymphoma (EATL) [9],
and extranodal NK/T cell lymphoma (ENKTL), nasal type
[10]. However, PTCL-NOS with dual expression of
TCR-αβ and TCR-γδ in a heart transplant recipient has not
been previously reported.

Clinical history

A 61-year-old female had a past medical history significant for
systemic AL amyloidosis which resulted in chronic kidney
disease and chronic heart failure. She underwent orthotropic
cardiac transplant (OCT) for heart failure 6 years prior to
admission and autologous stem cell transplantation 1 year lat-
er. Pre-transplant work-up revealed remote EBV infection,
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mismatched CMV status (donor antibody positive, recipient
antibody negative), and negativity for HIV, herpes simplex
virus (HSV)-1, HSV-2, and human T-cell lymphotropic vi-
rus-I/II infections.

Post-transplant immunosuppressive therapy included
mycophenolate mofetil, tacrolimus, and prednisone.
During the post-transplant phase, the patient received pro-
phylactic and periodic antiviral treatment due to CMV
infection and occasional low CMV viremia (CMV antigen
was initially detected in peripheral blood 2 years post-
OCT by immunofluorescence assay and then multiple
times by polymerase chain reaction (PCR), but viral load
was consistently < 300 IU/ml, except on one occasion,
when it was 1503 IU/ML). An interval cardiac biopsy
did not reveal evidence of significant acute rejection.
However, amyloid deposit was detected by Congo red
stain in the endomyocardial biopsy 2 years post-OCT.
The patient received chemotherapy followed by
daratumumab due to relapsed disease and subsequently
sustained normal kappa/lambda ratio, and serum protein
electrophoresis was negative for monoclonal bands. At
baseline, she had thrombocytopenia and a chronic
normocytic, normochromic anemia 2 years post-OCT.
The patient was placed on the renal transplant list 4 years
post-OCT due to chronic kidney disease.

The patient presented with fatigue, worsening anemia,
thrombocytopenia, and fever 6 years after OCT. CT im-
aging showed multiple new irregular lung nodules and
mass-like consolidations. The differential diagnosis in-
cluded multifocal pneumonia versus malignancy.
Bronchial lavage cultures grew Klebsiella and Candida.

Although broad antibiotics were given, her symptoms did
not improve. A subsequent PET CT showed numerous
bilateral enlarged mediastinal and hilar lymph nodes with
marked uptake (SUV = 15.5), innumerable bilateral pul-
monary nodular opacities of varying size and density with
abnormal uptake (SUV = 14.5), and a moderate right pleu-
ral effusion (Fig. 1).

Endobronchial ultrasound (EBUS)-guided fine needle as-
piration (FNA) and biopsy of the hilar and mediastinal lymph
nodes were performed to evaluate the lesion. A final diagnosis
of PTCL-NOSwith features consistent with an EBV negative,
monomorphous T cell PTLD was made.

The patient received dexamethasone, vincristine,
adriamycin, and cyclophosphamide for lymphoma, piperacil-
lin and tazobactam injection for Klebsiella pneumonia, and
valacyclovir for infection prophylaxis. Tacrolimus was re-
duced, and mycophenolate mofetil was discontinued. The pa-
tient’s lymphoma was resistant to chemotherapy, and she de-
veloped a malignant pleural effusion with acute respiratory
and renal failure. The patient died within 2 months of the
lymphoma diagnosis.

Materials and methods

Morphologic studies and immunohistochemistry

Papanicolaou and Diff-Quik stains were performed on the
smears from FNA specimens from the lymph nodes. Cell
blocks were prepared according to standard protocols.

Fig. 1 PET CT demonstrates
widespread hypermetabolic
disease involving the chest,
retroperitoneum, and mesentery/
omentum and a moderate pleural
effusion
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Sections of the cell blocks were stained with hematoxylin and
eosin (H&E).

An immunohistochemical panel was performed on the cell
block using standard protocols. The following antibodies were
used: CD3, CD4, CD5, CD8, CD20, CD30, CD56, TIA1, and
granzyme B. In addition, an EBV stain for EBER by chromo-
genic in situ hybridization (ISH) was also performed.

Flow cytometry

Multiple-color flow cytometry was performed on the lymph
node FNA on a FACSCanto cytometer using FACSDiva soft-
ware (Becton-Dickinson, San Jose, CA). Primary lymphocyte
gating utilized CD45 and side light scatter (SSC) of the CD45
bright/SSC low population. The following antibody panels
were used: CD2, CD3, CD4, CD5, CD7, CD8, CD19,
CD20, CD45, CD56, CD57, CD45 RA, TCR-αβ, and
TCR-γδ (Becton-Dickinson, San Jose, CA). Antigen expres-
sion was interpreted as negative, dim, or positive, as compared
to the intensity of the corresponding normal cell type.

T cell receptor gene rearrangements by polymerase
chain reaction (PCR)

DNAwas extracted from unstained sections of the cell block
from the lymph node according to standard protocols.
Genomic DNAwas amplified by PCR using primers targeting
the conserved framework (FR) and joining (J) regions as well
as the diversity (D) and joining (J) regions of the TCR beta
(TCRβ) gene and primers targeting the conserved regions
within the variable (V) and joining (J) regions of the TCR
gamma (TCRγ) gene. PCR products were then analyzed by
differential fluorescence detection using capillary electropho-
resis. All reactions were performed in duplicate.

Results

FNA of the hilar and mediastinal lymph nodes revealed
scattered and aggregates of large atypical neoplastic cells with
round or irregular nuclei with hyperchromatic chromatin in a
background of necrosis (Fig. 2A). Immunohistochemical
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CD5 CD3 CD8 
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Fig. 2 Fine needle aspiration
biopsy of the hilar and
mediastinal lymph nodes revealed
lymphoma cells. A. Cell block (a
H&E stain × 200, b H&E stain ×
600) and FNA smears (c PAP
stain and d Diff Quik stain, ×
1000) revealed large-sized atypi-
cal lymphocytes with round or ir-
regular nucleus with
hyperchromatic chromatin.
B. The lymphoma cells are posi-
tive for CD3, CD8, TIA1, and
granzyme B (GrB), and negative
for CD5 (×200). EBV is negative
by EBER in situ
hybridization study (×200)
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studies showed the neoplastic cells to be positive for CD3,
CD8, CD56 (not shown), TIA1, and granzyme B and negative
for CD4 (not shown), CD5, and CD30 (not shown). EBV was
negative by EBER in situ hybridization study (Fig. 2B).

The corresponding flow cytometry study demonstrated an
atypical T cell population with an immunophenotype positive
for CD2, CD3, CD8 (dim), CD45, CD56, TCR- αβ, and
TCR- γδ and negative for CD4, CD5, and CD7 (Fig. 3).

Fig. 3 Flow cytometry study revealed atypical T lymphocytes (Red population, gated on CD45+ lymphocytes). Positive: CD3, CD2, CD8 (dim), CD56,
TCR-αβ, and TCR-γδ. Negative: CD4, CD5, CD7

Fig. 4 The TCR gene rearrangement studies revealed the presence of a clonal lymphoid population with TCRβ and TCRγ rearrangements
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The lymphoma cells were also positive for CD26, CD38, and
CD45RO and negative for CD25, CD57, and CD45RA and B
cell markers (not shown). The TCR gene rearrangement stud-
ies revealed the presence of a clonal lymphoid population with
TCRβ and TCRγ gene rearrangements (Fig. 4).

The histopathological, immunophenotypic, and molecular
findings were consistent with PTCL-NOS. Given the patient’s
history of cardiac transplantation, the findings may represent
an EBV-negative, monomorphic T-cell PTLD with features of
PTCL-NOS. A peripheral blood and bone marrow evaluation
was performed and did not reveal involvement by T cell
lymphoma.

Discussion

This patient’s PTCL has an unusual immunophenotype: dual
expression of TCR-αβ and TCR-γδ, detected by flow cytom-
etry study and immunohistochemistry and confirmed by Tcell
gene arrangement PCR study. Lymphomas with co-
expression of TCR-αβ and TCR-γδ are rare. A small number
of cases have been reported, including CTCL [4–8], type II
EATL involving the small bowel or colon [9], and ENKTL,
nasal type [10], involving the small bowel. The clinical char-
acteristics and histopathological features of reported TCLwith
co-expression of TCR-αβ and TCR-γδ are listed in Table 1.
The patients included nine women, seven men, and one indi-
vidual of unreported sex, with ages ranging from 12 to
87 years (mean, 54 years; median, 62.5 years). Twelve out
of 17 cases (71%) were CTCLs, while four other cases
(ENKTL, EATL II) demonstrated intestinal involvement
(24%). The histopathological features were variable. All the
CTCL cases demonstrated epidermotropism with variable in-
filtration patterns ranging from superficial dermal to deep sub-
cutaneous involvement. Most CTCL cases did not show ul-
ceration and necrosis; however, the cases with intestinal in-
volvement demonstrated transmural infiltration and ulcera-
tion. The patients with PCGD-TCLs or other non-CTCLs
showed worse prognosis despite systemic therapy (chemo-
therapy and/or radiation). The lymphoma in the current case
occurred in a post-transplant, immunosuppressive patient,
demonstrating lung and lymph node involvement with asso-
ciated tumor necrosis and resultant demise.

All reported lymphoma cases with dual TCR-αβ and
TCR-γδ expression exhibited a cytotoxic phenotype
(Table 2). In addition, CTCLs showed frequent expression
of CD30 and were negative for EBV by EBER-ISH study.
Cases of type II EATL showed both negative CD30 expres-
sion and EBV, and the case of ENKTL, nasal type, showed
both positive expression of CD30 and EBV EBER. Besides
the unusual co-expression of TCR-αβ and TCR-γδ, the cur-
rent case demonstrated a cytotoxic T cell immunophenotype
consistent with the findings in all the reported cases. In Ta
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addition, the negative CD30 and EBER-ISH expression pat-
tern in the current case was similar to that of the majority of
the reported cases of type II EATLs.

The PTCL-NOS in the current case developed in a post-
transplantation setting, which raises the possibility of a T
cell PTLD. Among all the reported cases, there was only
one other case [4] in which a status post-liver transplanta-
tion patient who was under chronic immunosuppression
developed PCGD-TCL. T/NK-cell PTLD is uncommon
and accounts for 15% of all PTLDs. They include almost
the entire spectrum of T and NK-cell neoplasms with the
largest group being PTCL-NOS. Studies [11] showed the
T/NK-cell PTLDs occur at a median of 66 months post-
transplantation and usually occur at an extranodal site. In
contrast to B cell PTLDs, most of which are associated
with EBV infection, only about one third of T/NK-cell
PTLDs are EBV positive. The EBV-negative T/NK-cell
PTLDs have a median survival of 6 months, which is sig-
nificantly shorter than EBV-positive T/NK-cell PTLDs
[11]. In contrast, the non-post-transplant PTCL-NOS has
a longer survival than both EBV-positive and EBV-
negative T/NK-cell PTLDs [12]. Our case developed
6 years post-transplantation. The lymphoma involved
extranodal sites and was EBV negative. The patient died
within 2 months of the lymphoma diagnosis, despite ag-
gressive treatment. The overall features were consistent
with an EBV-negative, T cell PTLD with a rare
immunophenotype with co-expression of TCR-αβ and
TCR-γδ. In comparison with our case, the other reported
case [4] that developed after transplantation was PCGD-
TCL, which involved the skin of leg and forehead and was
also EBV negative. The patient was treated with chemo-
and radiation therapy and deceased 16 months after
diagnosis.

Both αβ and γδ T cells develop from CD4/CD8 double-
negative thymocytes. TCRγ and δ rearrangement occurs prior
to TCRβ recombination in γδ precursor cells. The expression
of γδ-TCR and CD3 complex on the cell membrane initiates
intracellular signaling pathways to generate functional
TCR-γδ chains. The commitment to the αβ T cell lineage is
induced by pre-TCR complex, which is made up of a
rearranged TCRβ chain with the invariant pTα and CD3 sub-
units, followed by rearrangement of the TCRα gene to form
the complete αβ-TCR/CD3 complex [13]. TCRα gene rear-
rangement results in the excision of TCRδ gene; TCR-αβ and
TCR-γδ expression have previously been thought to be mu-
tually exclusive [1, 14]. This concept may partially be attrib-
uted to the rarity of reported cases with co-expression of
TCR-αβ and TCR-γδ, as most T cell lymphoma cases are
not tested for both TCR-αβ and TCR-γδ expression. The dual
expression of TCR-αβ and TCR-γδ in the current case was
detected by flow cytometry study. The wide utilization of flow
cytometry, as well as the relatively recent availability of

immunohistochemistry for TCR- αβ and TCR- γδ in the di-
agnosis of lymphoid neoplasms, may increase the frequency
of detection of this phenotype.

The dual TCR expression may represent a phenotypic ab-
erration due to genetic instability. Agbay and coauthors stud-
ied immunophenotypic shifts in PCGD-TCL by comparing
the immunophenotypic profiles in sequential biopsies from
nine patients [8]. Two cases in this study showed co-
expression of αβ- and γδ-TCR. Interestingly, one case
showed decreased β expression in the following biopsy, while
another case showed double expression in the sequential bi-
opsy following an initial isolated γδ expression. The authors
proposed that immunophenotypic shifts may result from en-
vironmental factors or an accumulation of mutations that in-
duce a different antigenic profile. In favor of this hypothesis, a
recent study reported that lineage plasticity can occur in a
subtype of γδ T cells, which may develop into αβ T cells
under inflammatory conditions [15].

Although the case reported here developed in a post-
transplantation setting, EBV did not appear to play a key role
in the pathogenesis of this case. However, serial CMV DNA
viral load studies revealed chronic, albeit low level, CMV
infection. Chronic antigenic stimulation, from CMV, or other
environmental factors such as cytotoxic therapies or immuno-
suppressive agents may have played a role in the development
of this unusual PTCL.

In summary, we report a rare case of aggressive PTCL-
NOS with dual expression of αβ- and γδ-TCR in an EBV-
negative post-transplant setting with features consistent with a
T cell PTLD.
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