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A b s t r a c t 

NK-like T-cell malignancies are part of a spectrum 
of lymphoproliferative diseases that complicate 
immunosuppression associated with solid organ 
transplantation. We describe 2 patients with long
standing immunosuppression following solid organ 
transplantation. Both patients had systemic symptoms 
that included fever, myalgia, and weight loss. Organ 
involvement and lymphadenopathy were not initially 
observed. Unique to these 2 cases are the initial 
leukemic symptoms, which led to further charac
terization and identification of NK-like T-cell 
malignancies. Both patients exhibited an anomalous 
T/NK phenotype, CD56 positivity, and atypical blastic 
architecture of the large granular lymphocytes. Clonal 
rearrangement of T-cell receptor genes was detected in 
both patients. In 1 patient, a cytogenetic abnormality 
involving 8q24 was demonstrated. The disease course in 
both patients was aggressive, with involvment of 
multiple sites and rapid demise. This study emphasizes 
the importance of including NK-like T-cell malignancies 
in the differential diagnosis of lymphoproliferative 
disorders associated with immunosuppression and 
recognizing that an aggressive clinical course may 
follow leukemic presentation of disease. 

Secondary malignancies are an important cause of 
morbidity and mortality after organ transplantation. The 
wide variety of secondary neoplasms described include 
non-Hodgkin's lymphoma, Hodgkin's disease, acute 
leukemias, and carcinomas. Among lymphoid malignancies 
occurring after transplantation, B-cell neoplasms account 
for approximately 80%. These posttransplantation lympho
proliferative disorders (PTLDs) form a morphologically 
heterogeneous spectrum that ranges from polyclonal or 
oligoclonal B-cell proliferations to malignant lymphoma.1-5 

The vast majority of B-cell PTLDs are associated with 
Epstein-Barr virus (EBV).2 

T-cell PTLDs have also been described and account for 
approximately 14% of malignant lymphomas occurring after 
transplantation.6 A subset of these T-cell proliferations harbor 
EBV.7"9 Extranodal CD3+ and CD56+ T-cell lymphomas have 
been described in 4 patients with long-standing immunosup
pression and organ transplantation.10 These NK-like T-cell 
lymphomas were seen with widespread disease including 
hepatosplenic tumors with variable involvement of skin, 
lymph nodes, and peripheral blood. This study suggests that 
NK-like T-cell lymphoproliferative malignancies are part of 
the differential diagnosis of neoplasia in patients with 
immune system compromise. 

We describe the clinical, cytologic, histologic, immuno-
phenotypic, and cytogenetic findings in 2 patients with a 
history of chronic immunosuppression following solid organ 
transplantation who had NK-like T-cell leukemia. Both 
patients had systemic symptoms and circulating atypical 
large granular lymphocytes (LGLs). Progression to dissemi
nated disease was rapid, and both patients died within weeks 
to months of initial work-up. Our observations suggest that 
the atypical cytologic findings of peripheral blood LGLs 
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together with the immunophenotype may predict an aggres
sive clinical outcome. 

Case Reports 

Case 1 

The patient was a 40-year-old white woman who had 
received a heart-lung transplant 7 years previously because of 
primary pulmonary hypertension. Maintenance therapy included 
the immunosuppressant agents prednisone, azathioprine 
(Imuran), and cyclosporin. The postoperative course was rela
tively benign, complicated only by mild low-grade rejection 
(bronchiolitis obliterans). She was admitted to the hospital after 
having symptoms for 3 weeks that were attributed to viral infec
tion and included productive cough, fever, myalgias, and 
headache. On admission, pancytopenia was noted. Initial hema
tologic data included WBC count 3,600 x lOVuL (3.6 x 109/L), 
hemoglobin level 8.0 g/dL (80 g/L), mean corpuscular volume 
107 urn3 (107 £L), and platelets 111 x lOVuL (111 x 109/L). The 
WBC count with slide differential showed 27% polymorphonu
clear neutrophils, 22% band neutrophils, 10% lymphocytes, 9% 
monocytes, and 32% large blastic forms with nuclear folding and 
basophilic cytoplasm, some with azurophilic granules. Bone 
marrow examination revealed infiltration by neoplastic cells 
similar to those on the blood film. During her hospital course, 
severe respiratory distress developed secondary to alveolar 
hemorrhage. The patient's respiratory condition, renal and liver 
function, and mental status rapidly deteriorated, and she died 11 
days after admission. Significant autopsy findings included bron
chiolitis obliterans, transplant aortic and coronary arteriopathy, 
extramedullary glomerular sclerosis (cyclosporin effect), acute 
hemorrhagic pancreatitis, hepatosplenic congestion, necrotic 
spleen (accelerated postmortem autolysis secondary to pancre
atitis), hypercellular marrow with immature cell forms, adrenal 
cortical atrophy, and osteoporosis. No tumor was identified in 
tissues other than bone marrow. 

Pertinent investigations for infectious agents included 
cultures for bacteria and fungi (blood, urine, CSF, bron-
choalveolar lavage [BAL], bone marrow), Cryptococcus 
antigen (blood, CSF), cytomegalovirus ([CMV] blood, BAL, 
bone marrow), stool pathogens, CMV IgM antibody, and 
human T-cell leukemia virus (HTLV) antibody-1; polymerase 
chain reaction (PCR) amplification for CMV (BAL); direct 
immunofluorescence examination and culture for respiratory 
syncytial virus and influenza types A and B (BAL); and 
parvovirus dot blot DNA hybridization (bone marrow). 

Case 2 

The patient, a 51-year-old white woman, had received a 
cadaver kidney transplant 24 years previously because of end-stage 

lupus nephritis. Maintenance therapy included the immunosup
pressant agents azathioprine and prednisone. Splenectomy and 
bilateral nephrectomy were performed at transplantation. The 
posttransplantation course was complicated by 2 episodes of 
pneumonia, and sinusitis and urinary tract infections, but was 
otherwise unremarkable. At a routine clinic visit, the WBC count 
was 12,600 x lOVuL (12.6 x 109/L), hemoglobin level 6.7 g/dL 
(6.7 g/L), mean corpuscular volume 69.8 um3 (69.8 fL), and 
platelets 568 x lO-VuL (568 x 109/L). Slide differential showed 
35% polymorphonuclear neutrophils, 7% lymphocytes, 4% 
monocytes, and 53% atypical lymphoid cells, with high nuclear-
cytoplasmic ratio, markedly irregular nuclear profiles, and coarse 
azurophilic cytoplasmic granules. A bone marrow biopsy spec
imen contained atypical lymphoid cells similar to those in the 
peripheral blood. Azathioprine was discontinued, and the pred
nisone dosage was tapered in an attempt to achieve remission. 
Staging work-up also revealed a nonocclusive thrombus in the 
right pulmonary artery, and warfarin sodium (Coumadin) therapy 
was initiated. Two months later, the patient had malaise, anorexia 
nausea, and vomiting, and had lost 20 lb. A CT scan showed 
multiple nodular opacities in both lung fields. Intractable 
gastrointestinal bleeding developed suddenly. An exploratory 
laparotomy was performed, and a segment of proximal jejunum 
with multiple tumor nodules was resected. A trial course of 
chemotherapy with CHOP (cyclophosphamide, hydroxydauno-
mycin [doxorubicin], vincristine [Oncovin], and prednisone) was 
initiated, after which severe neutropenia and gram-negative 
sepsis developed. The patient's condition continued to deterio
rate, and she died within 3 months of initial presentation. A post
mortem examination was not performed, and we were unable to 
determine whether the radiographically detected opacities in the 
bilateral lung fields were due to lymphoma and whether other 
organ systems were involved at the time of death. 

Pertinent studies for infectious agents included cultures 
for bacteria and fungi, and HTLV-1 (blood); immunoperoxi-
dase studies for cytomegalovirus; and in situ hybridization 
for human herpesvirus (HHV) 8. 

Materials and Methods 

Morphology 

Smeared cells from peripheral blood and bone marrow aspi
rate were stained with Wright-Giemsa. Bone marrow core biopsy 
specimens were fixed in Bouin solution, embedded in paraffin, 
and stained with H&E. Sections of the jejunum were fixed in 
10% formalin, embedded in paraffin, and stained with H&E. 

Flow Cytometry 

Direct dual-parameter flow cytometry was performed 
(FACScan flow cytometer; Becton Dickinson, San Jose, CA) 
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with standard whole blood lysis or marrow mononuclear cells 
isolated at discontinuous gradient centrifugation with Ficoll-
Hypaque (Pharmacia, Uppsala, Sweden). Commercially 
available fluorescein isothiocyanate (FITC)-conjugated or 
phycoerythrin-conjugated monoclonal antibodies were used 
•Table II. An analysis gate was selected to include the 
predominant population in the low forward-low side light 
scatter region. The percentage of events reactive with each 
monoclonal antibody was determined, setting thresholds with 
isotypic controls. Positive expression was defined as >20%. 

Immunohistochemistry 

Serial sections 4-um thick were pretreated with a 
microwave procedure in citric acid buffer (10 mmol/L, pH 
6.0) for 10 minutes before staining for CD3, CD20, and 
CD56. Endogenous peroxidase was blocked by preincuba
tion with 1% hydrogen peroxide in phosphate-buffered 
saline solution. CD3 and CD20 staining was performed with 
an automated staining machine (Ventana Medical Systems, 
Tucson, AZ). Immunohistochemical stains for CD56 and 
CD57 were performed with a modified biotin-streptavidin 
method." Primary antibodies were directed against CD3 
(polyclonal, T cell; DAKO, Carpinteria, CA), CD20 (L26, B 
cells; DAKO), CD56 (123C3, NK cells, T-cell subset; 
Monosan, Uden, The Netherlands), and CD57 (Leu-7, NK 
cells, T-cell subset; Becton Dickinson). 

Immunohistochemistry to demonstrate the presence of 
cytoplasmic CD3 was performed using cytocentrifuged slides 
prepared from Ficoll-Hypaque blood or bone marrow cell 
isolates. Slides were fixed for 30 seconds at room temperature 

•Table II 
Monoclonal Antibody Reagents 

Antibody 

CD2 
CD3 
CD4 
CD5 
CD7 
CD8 
CD10 
CD11c 
CD13 
CD14 
CD16 
CD19 
CD20 
CD33 
CD34 
CD45 
CD56 
CD57 
DR 
pF1 
TCR-5-1 

Clone 

S5.2 
SK7 
SK3 
L17F12 
4H9 
SK1 
W8E7 
S-HCL-3 
L138 
MP09 
3G8 
J4.119 
L27 
P67.6 
HPCA-2 
HI30 
MY31 
HNK-1 
L243 
WT31 
11F2 

Source* 

Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Coulter/ltek 
Coulter/ltek 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Caltag 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 
Becton Dickinson 

Major Cell Specificity 

I N K 
T 
T-helper, monocyte 
T 
T, NK 
T-cytotoxic/suppressor 
B-precursor 
Myelomonocyte, NK 
Myelomonocyte 
Monocyte 
Myelomonocyte, NK 
B 
B 
Myelomonocyte 
Progenitor 
Pan-leukocyte 
NK, T-cytotoxic 
NK, T-cytotoxic 
B, activation antigen 
TCR-a|3 heterodimer 
TCR-yS heterodimer 

NK = natural killer; TCR = T cell receptor. 
'Becton Dickinson, San Jose, CA; Coulter/ltek, Hialeah, FL; Caltag, Burlingame, CA. 

in formalin-methanol-acetone (1:4:35) and washed with 
TRIS-buffered saline solution. After a 10-minute blocking 
step with TRIS-buffered saline solution-10% rabbit serum, the 
slides were incubated with a 1:10 dilution of CD3-FTTC (Leu-
4) or mouse IgGl-FITC (Becton Dickinson) for 60 minutes, 
then incubated for 15 minutes sequentially with biotinylated 
horse antimouse antibody (Vector Laboratories, Burlingame, 
CA), streptavidin-alkaline phosphatase (DAKO), and alkaline 
phosphatase substrate-chromogen reagent (DAKO). All incu
bations were performed at room temperature, and TRIS-
buffered saline solution washes followed each incubation step. 

Terminal deoxynucleotidyl transferase was assessed 
with an indirect immunofluorescent assay (Supertechs, 
Bethesda, MD). 

In Situ Hybridization for Epstein-Barr Virus EBER1 RNA 

Epstein-Barr virus RNA in situ hybridization studies 
were performed using a 30-base oligonucleotide probe 
complementary to a portion of the EBER1 gene, as previ
ously described.12 Paraffin sections 5-um thick were 
deparaffinized, rehydrated, predigested with proteinase K, 
and hybridized overnight at a concentration of 0.25 ng/uL of 
biotinylated probe. Detection was accomplished with strepta
vidin-alkaline phosphatase conjugate. For each assay, 
known EBV-positive neoplasm served as a positive control, 
and EBV-negative lymphoid tissue as a negative control. 

Cytogenetic Analysis 

For chromosome analyses, bone marrow aspirate was 
cultured and chromosomes were analyzed with the GTW 
banding method.13 Twenty chromosome metaphases were 
analyzed in patient 1, but only 4 metaphases were available 
for analysis in patient 2. 

Southern Blot Analysis 

High molecular weight DNA samples were extracted 
using phenol-chloroform, precipitated in ethanol, cleaved 
with restriction enzymes, fractionated according to size by 
agarose gel electrophoresis, denatured, and transferred to 
nylon membranes. Hybridization using phosphorus 
32-labeled DNA probes specific for the EBV genomic 
termini or for rearranged T cell receptor (TCR) were 
performed as described previously.1415 Autoradiography was 
carried out at -70°C for 1 to 7 days. 

Heteroduplex Analysis of T-Cell Receptor-y Gene 
Rearrangement 

Amplification and heteroduplex analysis for TCR-y gene 
rearrangement was performed as previously described,16 with 
minor modifications. Consensus primers for the TCR V-J junc
tion were used to amplify genomic DNA. Positive and negative 
controls were included in all polymerase chain reaction (PCR) 
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and heteroduplex reactions. The primer sequences were 
CACATCCACTGGTACCTACACCA for VI and CCCGTC-
GACTACCTTGGAAATGTTGTATTCTTC for Jl/2. 

The PCR amplification of TCR-y gene rearrangements was 
performed in a thermal cycler (model 2400; Perkin-Elmer, Foster 
City, CA), as follows. One hundred nanograms to 500 ng of 
genomic DNA was added to a reaction mixture containing 2.5 U 
Ampli Taq Gold polymerase (Perkin-Elmer), 10 pmol/L of each 
primer, 100 umol/L of each deoxy nucleotide triphosphate, in 
buffer (Perkin-Elmer PCR buffer II; 10 mmol/L TRIS-
hydrochloride, pH 8.3; 50 mmol/L potassium chloride) with 1.5 
mmol/L magnesium chloride. After 95°C denaturation the TCR-
y was amplified by 20 cycles of PCR, each consisting of 40 
seconds of denaturing at 95°C, 30 seconds of annealing at 65°C, 
decreasing by 1°C per cycle, and 30 seconds of extension at 
72°C, followed by 15 cycles with the same denaturing and 
extension temperatures and an annealing temperature of 45°C, 
followed by a final 5-minute extension at 72°C. 

The PCR products were first visualized on 2% agarose 
gel to document successful amplification. Then 20 uL of the 
PCR product with 2 uL of 0.05 mol/L EDTA added was 
heated to 95°C for 10 minutes, slowly cooled to 37°C over 
30 minutes with the thermal cycler, and placed on ice. The 
samples were then electrophoresed on a mutation detection 
enhancement gel (FMC Bioproducts, Rocklands, ME) for 12 
hours at 90V in TRIS-borate-EDTA buffer. Heteroduplex 
patterns were determined by staining with ethidium bromide 
and photography under ultraviolet light. 

Results 

Morphology and Immunohistochemistry 

At initial examination, the blood films from patient 1 
showed 30% to 40% blast forms with irregular nuclear contour 
and basophilic cytoplasm, some with azurophilic granules 
•Image 1AI. The bone marrow aspirate from patient 1 showed 
70% to 80% blast forms with similar architecture llmage 1BI; 
likewise, the bone marrow biopsy specimen showed 70% to 
80% cellularity, with 60% blastlike cells llmage 1CI. 

The blood films from patient 2 demonstrated atypical 
large cells with irregular nuclear contours, relatively condensed 
chromatin, and abundant azurophilic granules in the cyto
plasm llmage 2AI. A cytocentrifuge slide of the Ficoll-
treated bone marrow aspirate from patient 2 revealed 40% to 
50% similarly atypical cells llmage 2BI; and the bone 
marrow biopsy specimen showed 60% cellularity with occa
sional large atypical lymphoid cells but no lymphoid aggre
gates or diffuse infiltrates llmage 2CI. 

The resected bowel segment from patient 2 was studded 
with multiple firm nodular masses ranging from 0.5 to 3.0 cm 

in greatest diameter, associated with ulceration and hemorrhage 
llmage 3AI. Histologic analysis revealed an extensive sheet
like infiltrate of atypical lymphocytes penetrating the entire 
thickness of the bowel wall. The infiltrate was particularly 
dense in the lamina propria and surrounding mucosal glands 
llmage 3BI. Focal glands also revealed intramucosal invasion 
by neoplastic cells llmage 3CI. The infiltrate was composed of 
large atypical lymphocytes with irregular nuclear outlines and 
abundant cytoplasm. Wright-Giemsa-stained touch prepara
tions showed azurophilic granules scattered within the cyto
plasm of these lymphocytes. Thirteen lymph nodes were iden
tified in the surrounding adipose tissue, all of which exhibited 
involvement by lymphoma. Immunoperoxidase studies on 
sections of jejunum displayed strong expression of CD56 
llmage 3DI and CD57, but no expression of CD20. These 
findings confirmed involvement of the jejunum and adjacent 
lymph nodes by NK-like T-cell lymphoma. 

Flow Cytometry 

Flow cytometry of the bone marrow from patient 1 
showed a homogeneous population of T/NK cells, positive 
for CD2, CD5, CD8, CD56, and DR, but not CD3, CD4, 
CD7, CD 16, CD57, and CDllc ITable 21. However, the blast 
cells contained cytoplasmic CD3 (Leu-4), as demonstrated by 
slide immunocytochemistry on bone marrow aspirate cells 
llmage 41. Flow cytometry of the peripheral blood showed a 
similar population of T/NK cells, but differed from the bone 
marrow in that approximately one third of the CD56-positive 
cells also weakly expressed surface CD3 (see Table 2). 
Similar to the bone marrow, slide immunophenotyping 
showed that the majority of the large cells were strongly posi
tive for CD3 with Leu-4 antibody, suggesting T-cell lineage. 

Flow cytometry of peripheral blood and bone marrow from 
patient 2 revealed a population of T/NK cells that expressed T-
cell antigens CD3, CD2, CD7, and CD8 (partial, weak expres
sion) and NK antigens CD56, CD57, and CD1 lc, but not pan-T 
antigens CD5 and CD4, and NK antigen CD16 (see Table 2). 
Neither TCR-a|3 nor TCR-yo" heterodimers were expressed on 
the atypical lymphoid cells in the bone marrow. In both patients, 
the neoplastic cells were mature postthymic T cells, inasmuch as 
they lacked expression of terminal deoxynucleotidyl transferase. 

Molecular Genetics 

Southern blot analysis of the bone marrow cells from 
patient 1 revealed a clonal rearrangement of the TCR (3 chain. 
Heteroduplex analysis on blood cell samples from patient 2 
showed clonal rearrangement of the TCR y chain. These studies 
indicate malignant expansion of clonal T cells in both patients. 

Cytogenetics 

Chromosome analysis in patient 1 demonstrated an 
abnormal clone in all 20 cells, 47,XX,+ l,add(8)(q24.3), 
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i(19)(ql0), characterized by trisomy 1, extra unidentified 
material on the long arm of chromosome 8, and an isochro-
mosome for the long arm of chromosome 19. Eleven of 
these cells were characterized by only these abnormalities; 1 
cell was missing chromosome 5; and the remaining 8 cells 
had additional nonclonal structural rearrangements, telom-
eric associations, or aneuploidies, suggesting karyotypic 
instability. Cytogenetic studies in patient 2 failed to reveal 
any karyotypic abnormality; however, only 4 cells could be 
analyzed. A clonal abnormality cannot be eliminated, 
because so few metaphases were available for analysis. 

Detection of Epstein-Barr Virus 

Patient 1 exhibited serologic evidence of recent EBV 
infection or reactivation, including a positive reaction 
(1:5,120) for early (diffuse) antibody and viral capsid IgG 
(1:20,480) with negative early (restricted) antibody (<1:5), 

llmage I I (Patient 1) A, Blood film. Note large blastic cells, with 
irregular nuclear contour and modest number of fine azurophilic 
granules (Wright-Giemsa, x500). B, Bone marrow aspirate 
demonstrates granular blastic cells infiltrating the marrow, 
similar to those in A, and occasional mitoses (Wright-Giemsa, 
x500). C, Bone marrow biopsy specimen demonstrates inter
stitial infiltration by immature cells, with occasional megakary
ocytes and islands of erythroid maturation (H&E, x375). 

viral capsid IgM (<1:10), and Epstein-Barr nuclear antibody 
(1:5). In situ hybridization studies for EBV performed on 
bone marrow revealed the presence of EBV mRNA within 
neoplastic cells. In patient 2, in situ hybridization studies of 
bone marrow failed to reveal EBV mRNA, and studies of 
jejunal tissue yielded equivocal findings. However, in patient 
2, Southern blot analysis of bone marrow showed a faint 
band indicating clonal EBV genomes. 

Discussion 

The two cases of NK-like T-cell PTLD described are 
unusual in that a leukemic manifestation was the primary 
presentation of the malignancy. Patient 1 had minimal organ 
involvement, confirmed at postmortem examination. In 
patient 2, organ involvement was diagnosed 2 months after 
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initial leukemic presentation. In patient 1, PTLD developed 7 
years after heart-lung transplantation, whereas in patient 2 
PTLD did not develop for an unusually long interval of 24 
years after renal transplantation. Variable intervals between 
transplantation and development of PTLD have been 
reported for different allografts, ranging from a mean of 2.5 
months in bone marrow transplantation17'18 to a mean of 5.3 
years in solid organ transplantation.19 In a recent series of 21 
post-cardiac transplantation lymphomas, the mean interval 
to development of PTLD was 9.3 years.20 

The cytologic findings of the circulating cells was 
another unusual feature, particularly the marked nuclear irreg
ularity of the large granular lymphocytes. At presentation, 
patient 1 was thought to have acute myelogenous leukemia 
because of the large numbers of circulating immature cells 
with azurophilic granules. However, a T/NK lineage for the 
neoplasm became apparent from the immunophenotyping 

llmage 21 (Patient 2) A, Blood film. Note large lymphocytes 
with abundant cytoplasm and prominent azurophilic granules 
(Wright-Giemsa, x500). B, Cytocentrifuge slide from Ficoll-
treated bone marrow aspirate shows large granular lympho
cytes (arrow) similar to those in A (Wright-Giemsa, x500). C, 
Bone marrow biopsy specimen reveals lymphoid cells with 
dense chromatin and slightly irregular nuclear contour intersti-
tially in small clusters (H&E, x375). 

results, which showed that although there was lack of 
immonoreactivity for both myeloid and myelomonocytic 
markers (CDllc, CD13, CD14, CD33, CD34), numerous T-
cell and NK antigens were positive. Thus there is no support 
for myeloid/NK cell precursor acute leukemia.21'22 In patient 
2, an asymptomatic initial clinical presentation was more 
typical of an indolent T/NK LGL or reactive LGL lymphocy
tosis. However, the cytologic atypia of the circulating LGLs 
on routine blood films, together with an anomalous T/NK 
phenotype, was of concern for an aggressive variant of T-cell 
LGL and warranted close follow-up. 

The presence of clonal TCR gene rearrangements in both 
of these malignancies is evidence for T-cell rather than NK-cell 
derivation. The heterogeneity of NK-like T-cell lymphomas 
with regard to rearrangement and expression of ap and y8 TCR 
subtypes has been reported.10'23 Our observations are analo
gous; we observed p and y gene rearrangments in these 2 cases 
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•Image 31 (Patient 2) Resected jejunal segment. A, Note multiple nodular masses, associated with ulceration and hemorrhage 
(x1). B, Lymphoid infiltrate in bowel wall (H&E, x150). C, Intramucosal invasion by neoplastic cells, with B lymphoepithelial 
appearance (H&E, x250). D, Immunoperoxidase studies revealed strong positivity for CD56 (x250). 

of posttransplantation NK-like T-cell leukemia. However, the 
malignant cells in patient 2 failed to express the framework 
TCR antigen, as indicated at flow cytometry analysis. Nonpro
ductive TCR rearrangement is common in peripheral T-cell 
lymphomas, often with discordance between surface expres
sion of CD3 and silent TCR.2425 

The heterogeneous presentations of NK-like T-cell malig
nancies render classification of these neoplasms complex. As 
described by Jaffe et al,26 the differential diagnosis of such 
cases includes aggressive NK-like T-LGL leukemia or 
lymphoma, hepatosplenic yd T-cell lymphoma, intestinal T-
cell lymphoma, and chronic T-LGL (NK-like) leukemia. 
However, hepatosplenic y§ T-cell malignancies rarely show 
leukemic symptoms, and intestinal lymphomas seldom 

involve the bone marrow and peripheral blood. Furthermore, 
chronic NK-like T-LGL leukemia, including 1 case associated 
with orthotopic liver transplantation,27 does not show atypical 
cell architecture or an aggressive clinical course, and usually 
has a CD56", CD57+ immunophenotype. Thus aggressive 
NK-like T-LGL leukemia or lymphoma is the most likely 
diagnosis that encompasses the clinical, cytomorphologic, and 
immunologic features elaborated in our 2 cases. 

Although aggressive NK-like T-LGL leukemia or 
lymphoma with an initial leukemic presentation has been 
described in immunocompetent patients,28 massive lympha-
denopathy and organomegaly were evident, features absent in 
our patients. Our findings in these 2 organ transplant recipients 
share significant similarities with aggressive NK-like T-cell 
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•Table 21 
Flow Cytometry* 

Patient 1 Patient 2 

Bone Bone 
Antibody 

B lineage 
CD10 
CD19 
CD20 

T/NK lineage 
CD2 
CD3 
CD4 
CD5 
CD7 
CD8 
CD16 
CD56 
CD57 
(5F1 
TCR-51 

Myelomonocytic 
CD11c 
CD13 
CD14 
CD33 
CD34 

Other 
DR 

Blood 

<1 
2 
2 

99 
55 
14 
93 
35 
83 
<1 
63 
2 

NP 
NP 

1 
1 

<1 
1 

<1 

62 

Marrow 

<1 
1 

<1 

87 
19 
3 

88 
6 

84 
<1 
85 
<1 
NP 
NP 

1 
1 

<1 
1 

<1 

77 

Blood 

<1 
<1 
<1 

80 
83 
3 
8 

94 
39 
<1 
87 
78 
10 
2 

49 
1 

NP 
NP 
NP 

NP 

Marrc 

<1 
1 
1 

68 
59 
4 

10 
74 
28 
2 

72 
67 
NP 
NP 

35 
5 

NP 
NP 
NP 

NP 

NP = not performed. 
*Data represent percentage of events positive in C45-positive lymphoid light scatter 

analysis gate. 

•Table 31 
Summary of Epstein-Barr Virus, Cytogenetic, and Molecular 
Diagnostic Studies 

Analysis Patient 1 Patient 2 

Epstein-Barr virus serology Positive Negative 
Southern blot NP Faint clonal bands 
In situ hybridization Positive Equivocal 
Cytogenetics 47,XX,+1,add ND 

(8)(q24.3), 
i(19)(q10) 

TCR-a|3 gene Southern blot Rearranged Germ line 
TCR-ygene PCR-heteroduplex NP Rearranged 

NP = not performed; ND = not detected; TCR = T-cell receptor. 

malignancies in 4 immunosuppressed patients reported by 
Macon et al.I0The LGL proliferations showed CD3+, CD56+ 

expression, and both aP and y8 T-cell phenotypes were 
observed.29 Atypical cytologic findings of marked nuclear 
pleomorphism or blastlike architecture were described, which 
rarely are seen in chronic, indolent LGL leukemias. In 3 of 4 
immunosuppressed patients, a leukemic phase was part of the 
disease spectrum, although not initially. Likewise, a leukemic 
presentation was rare in the posttransplantation T-cell 
lymphoma cases reviewed by van Gorp et al.6 

Association with EBV infection is important in the patho
genesis of B-cell PTLD, but has been inconsistently demon
strated in PTLD with T-cell lineage.4,6 Two of the 4 posttransplant 

•Image 41 (Patient 1) Ficoll-treated bone marrow aspirate, cyto-

centrifuge slide. Slide immunophenotyping with avidin—alkaline 

phosphatase amplification shows that many of the neoplastic 

T/NK lymphoid cells express cytoplasmic CD3 (x500). 

NK-like T-cell malignancies studied by Macon et al10 demon
strated strong LMP immunoreactivity, supporting the presence 
of EBV in leukemic cells. In patient 1, we observed serologic 
evidence of a recent EBV infection or reactivation, and EBV 
mRNA in neoplastic cells in the bone marrow. In patient 2, we 
found very weak EBV clonality, which may represent a minor 
population of infected cells. However, it is unclear from these 
data whether EBV plays a pathogenic role in the genesis or 
evolution of NK-like T-cell leukemias. We speculate that these 
T/NK malignancies could arise from deregulation of reactive, 
stimulated cytotoxic T cells generated in response to EBV 
infection of B lymphocytes. Coinfection of the reactive T cells 
with other viruses prevalent in the immunosuppressed host, 
such as human herpesvirus 6, may be an additional carcino
genic event in the genesis of these malignancies. 

The abnormal karyotype in patient 1, 47,XX,+ 1, 
add(8)(q24.3),i(19)(ql0), is interesting because of potential 
involvement of the c-myc gene located at 8q24. The c-myc 
oncogene rearrangement may play a role in development of 
PTLD; deregulation of c-myc has been reported in T-cell 
leukemias30 and may be associated with disease progression in 
EBV-related B-cell PTLD.4 One of 2 immunosuppressed 
patients with karyotypic analysis reported by Macon et al10 also 
had a translocation involving the 8q24 breakpoint, but no 
detectable c-myc rearrangement. Of further interest in patient 1 
is the presence of trisomy 1, a secondary acquired change that 
may represent karyotypic evolution. This karyotypic evolution 
of the malignant clone may be paralleled by immunophenotypic 
evolution, characterized by the loss of surface CD3 in the bone 
marrow cells and a portion of the blood cells. 

6 7 0 Am J Clin Pathol 1999;111:663-671 © American Society of Clinical Pathologists 
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It is important to recognize that NK-like T-cell malignancies 
are part of the spectrum of PTLDs that complicate long-term 
immunosuppression, and may occur in posttransplantation 
settings. Our observations in 2 organ transplant recipients indi
cate that NK-like T-cell malignancies may present with a 
leukemic phase. The phenotypic, cytologic, and cytogenetic 
parameters are key to establishing a diagnosis and differentiating 
these aggressive disorders from reactive LGL proliferations. 
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