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ABSTRACT

Background: Immunophenotyping in the rare group of nodal Peripheral 
T-cell Lymphomas (PTCL) exposes interesting features such as T-cell marker 
downregulation and paradoxically, the presence of reactive, clustered large-
sized CD20 positive B-cells (B-cell proliferation). Epstein-Barr virus (EBV) has 
been suggested as a putative etiology in pathogenesis of B-cell lymphoma. We 
aimed to review the immunohistochemical profile of patients with nodal PTCL 
with emphasis on T-cell markers and immunophenotypic aberrations, CD20 
positive large B-cells, Ki-67 scores (as a measure of proliferation index) and to 
assess the association of Epstein-Barr virus in various subtypes of nodal PTCL.
Methods: 80 cases of nodal PTCL diagnosed during January 2008-June 2013 
were included in the study. Relevant clinical and hematological data were 
collected. Using Streptavidin-Biotin-Peroxidase system, staining for CD2, CD3, 
CD4, CD5, CD7, CD8, CD20,EBV-LMP1 and Ki-67 were performed on all 
blocks.CD10,CD23,Bcl-6, CD30 and ALK-1 were used in relevant cases.
Results: 95% of patients had downregulation of at least one T-cell marker 
(maximum: CD7 (87%), minimum: CD3 and CD5- 9% each). 29 patients (36%) 
showed markers of B-cell proliferation. Only five patients (6%) were positive for 
EBV-LMP1. There was a significant association between EBV-LMP1 positivity 
and B-cell proliferation (P=0.002). 17 patients (21%) had high Ki-67 index (≥80%).
Conclusion: Nodal PTCL showed frequent downregulation of T-cell markers. 
EBV was only infrequently positive in these Lymphomas. Clusters of large 
B-cells need to be noted in pathology reports and EBV needs to be tested for in 
such cases.
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Introduction
Nodal Peripheral T-cell Lymphomas (PTCL) comprise 

a heterogenous group of mature T-cell lymphomas that 
include: Peripheral T-cell Lymphoma-not otherwise 
specified (PTCL-NOS), Anaplastic Lymphoma Kinase 
positive Anaplastic Large cell Lymphoma (ALK+ALCL), 
Anaplastic Lymphoma Kinase negative Anaplastic Large 
cell Lymphoma (ALK-ALCL) and Angioimmunoblastic 
T-cell lymphoma (AITL).1 The ALK-ALCL is a 
provisional entity as per WHO (2008), while the rest are 

well recognized.2

Nodal PTCL has an increased prevalence in Asian nations 
as well as in Southern India.3-5 They are characterized by 
immunophenotypic aberrations of T-cell markers.6-9 Some 
aberrations such as CD7 downregulation may offer useful 
diagnostic clues. The prognostic role of downregulation 
of individual markers and the number of downregulated 
markers appear to be an interesting field to explore. Another 
feature which is worth studying is the presence of clusters 
of reactive CD20 positive B-cells (B-cell proliferation) 
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in a background of nodal PTCL.10 It is postulated that 
B-cell non-Hodgkin lymphoma may originate from B-cell 
proliferations in patients with nodal PTCL.

Etiological agents in pathogenesis of nodal PTCL are 
still unknown, but for AITL, Epstein-Barr virus (EBV) 
is observed to play a prominent role.11-13 Sporadic reports 
indicating evidence of positivity for EBV surrogate 
markers in other lymphoma subgroups; however rare, have 
been stated. Given the ubiquitous nature of the virus, its 
ability to contribute to the hematological malignancies and 
the fact that T-lymphocytes are responsible for response 
to viral antigens, a need to explore EBV as a putative viral 
carcinogen in nodal PTCL appears appropriate.

Our study intended to assess immunohistochemistry 
(IHC) of tissues diagnosed pathologically as nodal 
PTCL, giving special attention to aberrations, B-cell 
proliferation markers, Ki-67 index and to trace EBV as a 
potential causative agent using EBV-LMP1 antigen assay.

Materials and Methods
In this study, 91 cases of nodal PTCL were diagnosed 

in the Pathology Department of JIPMER, Puducherry 
during January 2008-June 2013. Eleven cases were 

excluded subsequently as a result of review of the initial 
diagnosis (two cases) and technical factors (nine cases). 
Hence, the final sample size of the study was 80.

Relevant clinical data were collected from archives of 
the Departments of Pathology, Medical Oncology and 
the Medical Records Department. Clinical stage was 
determined as per Cotswold modification of Ann Arbor 
staging system.14, 15 Wherever data was not available or 
unsuitable for analysis, it was suitably coded for exclusion.

For cases diagnosed since December 2011, sections of 2 
to 3 micron thickness were made from the formalin fixed 
blocks and stained with hematoxylin and eosin (H&E) 
as per standard operating protocol. For archival cases, 
the retrieved slides were screened in every case. Fresh 
H&E and IHC slides were prepared when necessary. 
Immunophenotyping for CD2, CD3, CD4, CD5, CD7, 
CD8, CD20, EBV-LMP1 and Ki-67 was performed in 
all cases. CD10, CD23 and Bcl-6 were studied in cases 
of AITL and CD30 and ALK-1 in patients with ALCL. 
Appropriate positive (known positive control tissues) 
and negative controls (excluding primer addition) were 
used (Table 1). IHC was performed manually using 
standard Biotin-Streptavidin-Horseradish peroxidase 

Table 1: Characteristics of the antibodies used for immunophenotyping of patients with nodal PTCL
Antibody Manufacturer Clone Source Control Positivity Comments

Location Proportion
CD2 DakoCyt@, 

Glostrup, Denmark.
AB75 MM# Tonsil Membrane 30% For any case, the most 

strongly expressed 
marker is labeled as  
“positive” and
the rest as 
“downregulated” with 
weak or no expression.

CD3 Biogenex,
Freemont,USA.

PS1 MM Tonsil Membrane 30%

CD5 Scytek,
Logan, USA.

4C7 MM Tonsil Membrane 30%

CD7 DakoCyt, Glostrup, 
Denmark.

CBC.37 MM Thymus Membrane 30%

CD4 ” 4B12 MM Tonsil Membrane 30% >30% membranous 
expression is taken as 
positive.

CD8 ” C8/144B MM Spleen Membrane 30%

CD10 ” 56C6 MM Bile canaliculi Cytoplasmic 5% Done in suspected 
AITLμ cases only.

CD20 ” L26 MM Tonsil Membrane Not rigid Noted when seen in 
clusters of large cells.

CD23 ” SP23 MR* Tonsil Membrane Not rigid To look for
distorted follicular 
centers.

CD30 ” Ber-H2 MM Tonsil Membrane /
Cytoplasmic 
with Golgi zone 
accentuation

Not rigid Done in ALCL
cases only.

ALK-1 ” ALK1 MM Known 
positive case of  
ALK+ALCLα

Cytoplasmic
or 
Nuclear

Not rigid Done in ALCL cases 
only.

Bcl-6 ” PG-B6P MM Tonsil Nuclear Not rigid Done in AITL cases 
only.

EBV-
LMP1

Guartett, Berlin, 
Germany.

IG6 MM Known positive
HLβ

Cytoplasmic Even one 
cell

Done in all cases

Ki-67 DakoCyt, Glostrup, 
Denmark.

MIB-1 MM Known positive 
BLγ

Nuclear Not rigid Stratified as high (≥80%) 
or low

@DakoCyt: DakoCytomation; #MM: Monoclonal Mouse; *MR: Monoclonal Rabbit; αALK+ ALCL – Anaplastic Lymphoma Kinase 
positive Anaplastic Large Cell Lymphoma; βHL: Hodgkin Lymphoma; γBL: Burkitt Lymphoma;  μAITL – Angioimmunoblastic 
Lymphoma
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method. Antigen retrieval was performed in Citrate 
buffer (1mmol/L, pH 6.4) solution by heating. For nuclear 
markers(Ki-67 and Bcl-6),  microwaving for 20 minutes 
at 95-99°C was followed while antigen extraction by 
pressure cooking for 10 minutes was done for other 
markers. The reaction was subsequently developed 
with Diaminobenzidine chromogen. CD2, CD3, CD5 
and CD7 are pan-T cell markers expressed in all T-cells. 
For interpretation, the marker with strongest positivity 
among these four markers is considered as “positive” 
and the rest three as “downregulated”. “Downregulation” 
can be in two forms: “weak” expression with reduced 
positivity or “negative” with no positivity.CD4 and CD8 
can only be positive or negative, depending on the extent 
of expression, “downregulation” does not occur unlike 
the other pan-T markers. Membrane positivity of CD20 
was considered positive. Cases with CD20 positive cells 
exceeding 30% of entire tumor were to be excluded, since 
it might represent a B-cell lymphoma.16 Large reactive 
B-cells were specifically looked for and positivity was 
defined, in our study, as at least one cluster of five or 
more CD20 positive cells intermixed with the Lymphoma 
cells.10 CD10 was taken as positive if at least 5% of the 
neoplastic cells expressed the marker.17 Ki-67 index was 
quantified by manually counting the number of positive 
cells among all cells in an area with highest intensity. A 
cut-off ≥80% was considered as high based on a prior 
study.11 A brief summary on interpretation of all IHC 
markers used in the study is provided in Table 1.

Statistical analysis was performed using SPSS software 

(Version 16, SPSSInc, Chicago, IL). Chi-square (χ2) test 
or Fisher exact test were used for studying the association 
between categorical variables. A P value less than 
0.05 was considered statistically significant. All steps 
and procedures performed in the current study were 
approved by Institute Review Board (Letter number: 
SEC/2011/4/31) in accordance with the 1964 Helsinki 
declaration and its later amendments. Informed consent 
was obtained from all individual participants of the study.

Results
During the study period of January 2008-June 2013, 89 

cases of nodal PTCL were diagnosed which comprised 
18% of all cases diagnosed with lymphoma, 25% of NHLs 
and 75% of T-cell NHLs. Eventually, only 80 samples 
were analyzed for IHC.

There were only three cases where all pan T-cell markers 
(CD2, CD3, CD5, CD7) were equally and strongly 
positive. The rest of the samples had a downregulation 
of at least one of the above-mentioned markers (Table 2). 
While the majority of the ALCL cases showed loss of two 
of the four T-cell markers tested (48% in ALK+ ALCL 
and 74% in ALK- ALCL), the majority of cases in PTCL-
NOS and AITL showed loss of one T-cell marker only.  
Loss of all four T-cell markers were seen in two patients 
whose pathology was reported as null cell ALCL. Thus, 
marker downregulation was more common in ALCL 
subtypes.

A summary of T-cell marker expression is shown in 
Table 3. CD2 was downregulated in 52% of patients with 

Table 2: Percentage of patients in relation to the number of downregulated pan-T cell markers* among the subtypes of Nodal 
Peripheral T-cell Lymphoma
Number of 
pan-T markers 
downregulated 

% of patients
(n=number of patients)

PTCL- NOS
(n=41)

ALK+ALCL
(n=23)

ALK-ALCL
(n=8)

AITL
(n=8)

Total
(n=80)

0 5 0 13 0 4
1 61 34 13 63 49
2 24 48 74 37 38
3 10 9 0 0 7
4 0 9 0 0 2
* The four pan-T cell markers include CD2, CD3, CD5 and CD7; PTCL-NOS: Peripheral T-cell Lymphoma, Not Otherwise specified, 
ALK+ / - ALCL – Anaplastic Lymphoma Kinase positive / negative Anaplastic Large Cell Lymphoma, AITL – Angioimmunoblastic 
Lymphoma

Table 3: Percentage of patients with positive and downregulated T-cell markers across the four subtypes of Nodal Peripheral T-cell 
Lymphoma
DIAGNOSIS
(n=number of patients)

Marker expression (expressed in % of patients)
CD2 CD3 CD4 CD5 CD7 CD8

P D P D P N P D P D P N
W N W N W N W N

PTCL–NOS(n=41) 56 7 37 93 2 5 41 59 96 2 2 15 68 17 76 24
ALK+ALCL(n=23) 30 0 70 78 0 22 22 78 83 0 17 9 39 52 61 39
ALK-ALCL(n=8) 38 0 62 75 0 25 0 100 100 0 0 12 88 0 50 50
AITL (n=8) 63 0 37 100 0 0 13 87 88 0 12 13 62 25 88 12
Total (n=80) 48 3 49 91 1 8 29 71 91 1 8 13 61 26 70 30
P: Positive; D: Downregulated; W: Weak; N: Negative; PTCL-NOS – Peripheral T-cell Lymphoma, Not Otherwise specified, ALK+ 
/ - ALCL – Anaplastic Lymphoma Kinase positive / negative Anaplastic Large Cell Lymphoma,  AITL – Angioimmunoblastic 
Lymphoma
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nodular PTCL, maximally in ALCL-ALK positive cases 
(70%). CD3 was downregulated in only 9% (seven cases) 
of cases of nodal PTCL. In these seven cases, CD5 was 
found to be strongly positive in five and the remaining 
two cases were representing the null cell variant of 
ALCL. CD5 was the most consistently positive marker 
being positive in at least 83% of all subgroups. It was 
downregulated in only six patients, two of whom were 
null cell ALCL-ALK positive patients.CD7 was the most 
frequently downregulated marker overall. CD4 was 
negative in 71% while CD8 was positive in 70% of all 
nodal PTCL. Taken together in our study, CD-/CD8+ 
was the dominant combination seen in 47% of all nodal 
PTCL samples and in all subgroups except in PTCL-NOS, 
where CD4+/CD8+ was more common (49%) (Table 4). 

To ascertain if the downregulation of T-cell markers 
could predict an advanced stage (stage IV disease), 
an attempt was made at statistical association. When 
individual T-cell markers were tested for correlation with 
stage III and IV, it was seen that only CD8 downregulation 
showed statistically significant correlation with Stage IV 
disease in nodal PTCLs (P=0.04). The number of lost 
markers did not correlate either with advanced stage of 
the disease (Stages III and IV taken together) in nodal 
PTCLs or with any of its four individual subtypes. 

All the ALCL patients had CD30 positivity and the 
division into ALK positive and ALK negative groups 
was done on the basis of IHC staining for ALK protein. 
A ‘dot’ or Golgi zone positivity of neoplastic cells helps 
corroborate the diagnosis (Figure 1).

In AITLs, among the neoplastic cells, CD10 positivity 
was seen in 63% cells compared to 75% by Bcl-6. 
Proliferation of follicular dendritic cell network as seen 
by expanded and distorted follicular centers, highlighted 
by CD23, was seen in 88% of the patients. 

Table 4: Comparison of patterns involving various combinations of CD4 and CD8 staining among the four subtypes of Nodal 
Peripheral T-cell Lymphoma
DIAGNOSIS
(n=number of patients)

% of patients 
CD4+/CD8+ CD4+/CD8- CD4-/CD8+ CD4-/CD8-

PTCL-NOS (n=41) 49 2 44 5 
ALK+ALCL (n=23) 26 9 39 26 
ALK- ALCL (n=8) 0 0 75 25 
AITL (n=8) 25 0 63 12 
Total (n=80) 35 4 47 14 
PTCL-NOS – Peripheral T-cell Lymphoma, Not Otherwise specified, ALK+ / - ALCL – Anaplastic Lymphoma Kinase positive / 
negative Anaplastic Large Cell Lymphoma, AITL – Angioimmunoblastic Lymphoma

Table 5: Ki-67 cell proliferation index expression across the four subgroups of Nodal Peripheral T-cell Lymphoma
DIAGNOSIS
(n=number of patients)

Ki-67 index (%) % of patients with high Ki-67 
index*Median Range

PTCL-NOS (n=41) 20 5-95 17
ALK+ALCL (n=23) 8 5-90 26
ALK-ALCL (n=8) 32.5 5-90 25
AITL (n=8) 20 5-85 25
Total 20 5-95 21
*High Ki-67 index is defined as a value of ≥80% as defined by Went et al. [11]; PTCL-NOS – Peripheral T-cell Lymphoma, Not 
Otherwise specified, ALK+ / - ALCL – Anaplastic Lymphoma Kinase positive / negative Anaplastic Large Cell Lymphoma,  AITL 
– Angioimmunoblastic Lymphoma

Figure 2: Clusters of large CD20 positive cells in a focus of 
Anaplastic Large T-cell Lymphoma. (IHC, 100×)

Figure 1: Dot positivity for CD30 in Golgi region of the 
neoplastic cells in a case of ALK positive Anaplastic Large 
T-Cell Lymphoma. (IHC, 400×)
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B-cell proliferation was seen in 36% (29 patients) with 
a maximum of 63% in AITL (Figure 2). 64% of patients 
with B-cell proliferation markers had stage IV disease 
compared to 44% in those who did not. The correlation 
was not statistically significant (P=0.1). Follow up data 
was unfortunately available for only 11 of these patients 
of which two patients (18%) had died of the disease. In 
contrast, 53% of patients without B-cell proliferation had 
died or were keeping unwell at last follow-up.

EBV-LMP1 positivity was observed in five cases; two 
cases each were of PTCL-NOS and AITL subtypes, while 
one case was an ALK positive ALCL (Figure 3). There 
was one patient each in Stage I and II, two patients in 
Stage IV and one could not be staged due to incomplete 
workup. Three patients are currently doing well, while 
for two patients the current status is unknown due to lack 
of follow up. All five patients showing EBV positivity 
demonstrated proliferation of reactive CD20 positive 
cells. The correlation between EBV-LMP positivity 
and the presence of CD20 positive B-cell clusters was 
significant (P=0.002).

Ki-67 index showed a wide range in nodal PTCL (Table 
5). The average tumor proliferation index, calculated as 
“median” was 20%. It was maximum in ALK negative 
ALCL with a median of 32.5%. Overall 21% of the patients 
had a “high” Ki-67 index defined as a value of ≥ 80%.11 
Higher index for Ki-67, as expected, were observed in 
cases of nodal PTCL with Stage IV disease (P=0.041).

Discussion
As already pointed out, nodal PTCL are characterized 

by immunophenotypic aberrations.6-9 In fact, 96% of 
nodal PTCL patients had loss of at least one of the four 
pan T-cell markers which are CD2, CD3, CD5 and CD7. 
Among our patients, 95% of those who were categorized 
as PTCL-NOS had an aberrant phenotype. In addition, 
all patients with AITL had downregulation of T-cell 
markers. This figures have been reported as 80% and 
96% downregulation of T-cell markers in PTCL-NOS 
and AITL patients, respectively in previous studies.8, 18 
Loss of CD2 as a pan T-cell marker was the second most 
common marker downregulated among all subgroups.1, 6

CD3 and CD5 were both positive in 91% of nodal PTCL 
cases. CD3 is a marker with high sensitivity in nodal 

PTCL except for ALCL, where they can be negative in 
more than 75% of the cases.19, 20 We found about one-
fourth of the ALCL patients showing downregulation of 
CD3. Similarly, CD5 is said to be rarely lost in PTCL-
NOS and AITL except one contradicting study by Went et 
al.1, 11 The same was reflected in our study where CD3 was 
negative in only nine cases. In all these cases CD5 was 
positive. Similarly in samples of eight patients negative 
for CD5, CD3 helped in making the diagnosis. We can 
therefore conclude that CD3 and CD5 complement each 
other as a diagnostic panel.

CD7 is the most frequently lost marker in T-cell 
Lymphomas; especially, in PTCL-NOS.6, 8 Our study 
mirrored the same observation with downregulated 
CD7 in 87% of all nodal PTCL patients. The importance 
of this finding is however debatable. As mentioned 
earlier, CD7 can be decreased in reactive conditions, 
particularly in the skin. Also, CD7 shows weak expression 
in paraffin embedded blocks. Loss of CD3 or CD5 is more 
significant and supportive of a T-cell neoplasm or a NK-
cell proliferation/neoplasm than CD7 downregulation.21 

Most of the nodal T-cell lymphomas exhibit a CD4+/CD8- 
immunophenotype.1, 22-26 In contrast, our study showed 
that CD4-/CD8+ pattern was the commonest among all 
subgroups except for the PTCL-NOS (double positive 
pattern was the commonest) (Table 4). Only 4% (three cases) 
of our samples demonstrated the CD4+/CD8- pattern. The 
explanation for these findings could be technical factors 
and so these results need to be confirmed in future studies. 
Procedural lapses are unlikely since assessment for other 
markers performed on the same setting had taken up 
the stain correctly. Poor quality stain (control CD4 slide 
showed mostly weak positivity) and a heat-induced antigen 
damage (many sections were stored for up to three months 
at room temperature before the staining) may explain the 
unexpected results. Otherwise, the observed pattern may 
simply imply a geographic variant that needs to be verified 
by further studies and reports.

The attempted correlation of pan T-cell markers with 
advanced stage of the disease did not yield significant 
results perhaps due to the limited number of the cases 
in the study. However, CD8 downregulation correlated 
with Stage IV disease in patients with nodal PTCL. 
Since, significance was lost in individual subgroups, the 
practical utility of this finding is questionable. To the 
best of our knowledge, association between advanced 
stage disease and marker downregulation has not been 
assessed before, but may serve as a useful predictor of 
prognosis in lymphoma.

CD10 is reported to be positive in 30-90% of all cases 
of AITL.10, 18, 27, 28 In this study, staining for CD10 in AITL 
was positive in 63%. Bcl-6 positivity in our study was 
76%, similar to that observed by Dupuis et al (75%).29

EBV-LMP1 positivity was seen in only 6% of our 
patients by IHC. This makes EBV unlikely as a causative 
role in the pathogenesis of nodal PTCL. Of note, EBV 
detection by LMP1 method is not considered sensitive. 
This method is reported to be able to detect the virus in 
about 41-83% of the cases that were positive by EBV-
encoded RNA In Situ Hybridization (EBER-ISH).12, 

Figure 3: Cytoplasmic positivity for EBV-LMP1 in a case of 
Angioimmunoblastic T-cell Lymphoma. (IHC, 100×)
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13, 30 Thus, the real frequency of positivity for EBV in 
lymphoma may be actually higher. d’Amore et al found 
EBV positivity to be an unfavorable prognostic factor.31 
As observed by Tan et al, we also found a significant 
association between EBV-LMP1 positivity and CD20 
positive large B-cell clusters (P=0.002).10 These large 
cells are considered as proliferating immunoblasts that 
are prone to somatic hypermutation and development 
of B-cell lymphoma in the presence of viral triggers. 
Since all the EBV-LMP1 positive patients in our study had 
clusters of large CD20 cells, it would be prudent to follow 
EBV positive patients for long term for development of 
B-cell Lymphoma. 

CD20 positivity in large B-cells was seen in 36% of 
the patients. Tan et al. found a frequency of 19% for 
PTCL-NOS as well as AITL patients to harbor B-cell 
proliferation, while Lome-Maldonado et al found an 
incidence of 18% in AITL patients.10, 32 Of note, statistical 
significance was not observed between CD20 positivity 
and staging of the disease. To reach any possible 
meaningful interpretation of statistical significance of this 
proliferation on clinicopathological profile and prognosis, 
larger data would be required. 

Ki-67 has been traditionally used to indicate a poor 
prognosis in malignancies. Went et al proposed a high Ki-
67 index of ≥80% in a clinicopathological scoring system. 
In their study, 11% of PTCL-NOS and 5% of AITL had 
such high Ki-67 scores.11 In our study; using the same cut 
off, more patients (21%) presented with higher index and 
correlated with Stage IV disease (P=0.041).

The low positivity rate for the virus to be detected in 
tissues is likely to be due to the unavailability of EBER-
ISH, a very sensitive technique. Various technical factors 
appear to have given rise to apparently discordant IHC 
results. Overall, small number of patients in some 
subgroups due to poor follow up prevented a precise 
statistical analysis of survival.

Conclusion 
Immunophenotypic aberrations are a reality in patients 

with nodal PTCL and attempts should be made to 
understand and utilize this phenomena for assigning 
prognostic significance.

Since EBV-LMP1 is not sensitive, EBER-ISH is 
suggested to assess EBV positivity. In addition, we 
suggest considering the patients with either EBV-LMP1 
positivity and/or evidence of B-cell proliferation under 
close follow-up.

Acknowledgement
The authors gratefully acknowledge the wholehearted 

help in Statistics provided by Dr. Bijayanand Naik, Senior 
Resident in the Department of Preventive and Social 
Medicine, JIPMER, Puducherry for the purpose of this 
manuscript

Conflict of Interest: None declared.

References 
1.	 Foss FM, Zinzani PL, Vose JM, Gascoyne RD, Rosen 

ST and Tobinai K. Peripheral T-cell Lymphoma. 
Blood. 2011; 117:6756-67. doi: 10.1182/blood-2010-
05-231548.  PubMed PMID: 21493798.

2.	 Mason DY, Harris NL, Delsol G, Stein H, Campo E, 
Kinney MC, et al. Anaplastic large cell lymphoma, 
ALK-negative. In: Swerdlow SH, Campo E, Harris 
NL,Jaffe ES, Pileri SA, Stein H, Thiele J, Vardiman 
JW, editors. WHO Classification of Tumours of 
Haematopoietic and Lymphoid Tissues. 4thEdition. 
Lyon, France: IARC Press; 2008. p 317 

3.	 Naresh KN, Agarwal B, Sangal BC, Basu DD, 
Kothari AS and Soman CS. Regional variation in 
the distribution of subtypes of lymphoid neoplasms 
in India. Leuk Lymphoma. 2002; 43:1939-43. doi: 
10.1080/1042819021000016069. PubMed PMID: 
12481888.

4.	 Burad DK, Therese MM, Nair S. Peripheral T-cell 
lymphoma: Frequency and distribution in a tertiary 
referral center in South India. Indian J Pathol 
Microbiol. 2012; 55(4):429-32. doi: 10.4103/0377-
4929.107770. PubMed PMID: 23455774.

5.	  Vose JM, Neumann M,Harris ME, International  
T-Cell Lymphoma Project. International peripheral 
T-cell and natural killer/T-cell lymphoma study: 
Pathology findings and clinical outcomes. J 
Clin Oncol. 2008; 26(25): 4124-30. doi: 10.1200/
JCO.2008.16.4558. PubMed PMID: 18626005.

6.	 de Leval L, Gaulard P. Pathobiology and Molecular 
Profiling of Peripheral-T Cell Lymphomas. 
Hematology Am Soc Hematol Educ Program. 2008: 
272-9. doi: 10.1182/asheducation-2008.1.272. PubMed 
PMID: 19074096.

7.	 Sasikala PS, Nirmala K, Sundersingh S, Mahji U and 
Rajkumar T. Frequency and distribution of Epstein-
Barr virus infection and its association with p53 
expression in a series of primary nodal non-Hodgkin 
lymphoma patients from South India. Int J Lab 
Hematol. 2010; 32(1 Pt 2):56-64. doi: 10.1111/j.1751-
553X.2008.01125.x. PubMed PMID: 19055647.

8.	 Picker LJ, Weiss LM, Medeiros LJ, Wood GS, Warnke 
RA. Immunophenotypic criteria for the diagnosis 
of non-Hodgkin’s lymphoma. Am J Pathol. 1987; 
128(1):181-201. PubMed PMID: 3111266. PubMed 
Central PMCID: PMC1899786.

9.	 Hastrup N, Ralfkiaer E, Pallesen G. Aberrant 
phenotypes in peripheral T-cell lymphomas. J Clin 
Pathol. 1989; 42(4):398-402. doi: 10.1136/jcp.42.4.398. 
PubMed PMID: 2469701.  PubMed Central PMCID: 
PMC1141912.

10.	 Tan BT, Warnke RA and Arber DA. The frequency 
of B- and T-Cell gene rearrangements and Epstein-
Barr virus in T-Cell lymphomas: A comparison 
between angioimmunoblastic T-Cell lymphoma and 
peripheral T-Cell lymphoma, unspecified with and 
without associated B-Cell proliferations. J Mol Diagn. 
2006; 8:466-75. doi: 10.2353/jmoldx.2006.060016. 
PubMed PMID: 16931587.

11.	 Went P, Agostinelli C, GallaminiA, Piccaluga PP, 
Ascani S,Sabattini E, et al. Marker expression 
in peripheral T-cell lymphoma: a proposed 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
24

-0
9-

01
 ]

 

                               6 / 8

https://ijbc.ir/article-1-884-en.html


Immunophenotyping of nodal PTCL

Volume 11 | Issue 3 | September 2019   107

clinical-pathologic prognostic score. J Clin Oncol. 
2006; 1:2472-9. doi: 10.1200/JCO.2005.03.6327.  
PubMed PMID: 16636342.

12.	 Zhou Y, Attygalle AD, Chuang SS, Diss T, Ye H, 
Liu H, et al. Angioimmunoblastic T-cell lymphoma: 
histological progression associates with EBV and 
HHV6B viral load. Br J Haematol. 2007; 138:44-
53. doi: 10.1111/j.1365-2141.2007.06620.x. PubMed 
PMID: 17555446.

13.	 Dupuis J, Emile JF, Mounier N, Gisselbrecht 
C, Martin-Garcia N, Petrella T, et al. Prognostic 
significance of Epstein-Barr virus in nodal peripheral 
T-cell lymphoma, unspecified: a Groupe d’ Etude des 
Lymphomes de l’ Adulte(GELA) study. Blood. 2006; 
108:4163-9. doi: 10.1182/blood-2006-04-017632.  
PubMed PMID: 16902151.

14.	 Lister TA, Crowther D, Sutcliffe SB, Glatstein E, 
Canellos GP, Young RC, et al. Report of a committee 
convened to discuss the evaluation and staging 
of patients with Hodgkin’s disease: Cotswolds 
meeting. J Clin Oncol. 1989; 7:1630-6. doi: 10.1200/
JCO.1989.7.11.1630. PubMed PMID: 2809679.

15.	 Carbonne PP, Kaplan HS, Musshoff K, Smithers 
DW and Tubiana M. Report of the committee on 
Hodgkin’s Disease Staging Classification. Cancer 
Res. 1971; 31:1860-1.  PubMed PMID: 5121694.

16.	 Hans CP, Weisenburger DD, Greiner TC, Gascoyne 
RD, Delabie J,Ott G, et al. Confirmation of the 
molecular classification of diffuse large B-cell 
lymphoma by immunohistochemistry using a tissue 
microarray. Blood. 2004; 103:275-82. doi: 10.1182/
blood-2003-05-1545.   PubMed PMID: 14504078.

17.	 Bassegio L, Berger F, Morel D, Delfau-Larue MH, 
Goedert G, Salles G, et al. Identification of circulating 
CD10 positive T-cells in angioimmunoblastic T-cell 
lymphoma. Leukemia. 2006; 20:296-303. doi:10.1038/
sj.leu.2404013. PubMed PMID: 16341050.

18.	 Merchant S, Amin M and Viswanatha D. 
Morphologic and immunophenotypic analysis of 
angioimmunoblastic T-cell lymphoma: emphasis 
on phenotypic aberrancies for early diagnosis. Am 
J Clin Pathol. 2006; 126:29-38. doi:10.1309/28YP-
0DEL-GKEJ-GRXG.     PubMed PMID: 16753608.

19.	 Bonzheim I, Geissinger E, Roth S,Zettl A, Marx A, 
Rosenwald A, et al. Anaplastic large cell lymphomas 
lack the expression of T-cell receptor molecules or 
molecules of proximal T-cell receptor signaling. 
Blood. 2004; 104:3358-60. doi: 10.1182/blood-2004-
03-1037.  PubMed PMID: 15297316.

20.	 Benharroch D, Meguerian-Bedoyan Z, Lamant L, 
Amin C, Brugières L, Terrier-Lacombe MJ, et al. 
ALK-positive lymphoma: a single disease with a 
broad spectrum of morphology. Blood. 1998; 91:2076-
84. PubMed PMID: 9490693.

21.	 Higgins RA, Blackenship JE and Kinney MC. 
Application of Immunohistochemistry in the 
diagnosis of non-hodgkin and hodgkin lymphoma. 
Arch Pathol Lab Med. 2008; 132:441-61. doi: 
10.1043/1543-2165(2008)132[441:AOIITD]2.0.CO;2. 
PubMed PMID: 18318586.

22.	 Rüdiger T, Weisenburger DD, Anderson JR, 
Armitage JO, Diebold J, MacLennan KA, et al. 
Peripheral t-cell lymphoma (excluding anaplastic 
large-cell lymphoma): results from the non-hodgkin’s 
lymphoma classification project. Ann Oncol. 2002; 
13(1):140-9.  PubMed PMID: 11863096.

23.	 Au WY, Ma SY, Chim CS, Choy C, Loong F, Lie 
AK, et al. Clinicopathologic features and treatment 
outcome of mature T-cell and natural killer-cell 
lymphomas diagnosed according to the World Health 
Organization classification scheme: a single centre 
experience of 10 years. Ann Oncol. 2005; 16:206-
14. doi: 10.1093/annonc/mdi037.  PubMed PMID: 
15668271.

24.	 Kojima H, Hasegawa Y, Suzukawa K, Mukai HY, 
Kaneko S, Kobayashi T, et al. Clinicopathological 
features and prognostic factors of Japanese patients 
with “peripheral T-cell lymphoma, unspecified” 
diagnosed according to the WHO classification. 
Leuk Res. 2004; 28:1287-92. doi:10.1016/j.
leukres.2004.04.016.  PubMed PMID: 15475070.

25.	 Lee SS, Ruediger T, Odenwald T, Roth S, Starostik P 
and Müller-Hermelink HK. Angioimmunoblastic T 
cell lymphoma is derived from mature T-helper cells 
with varying expression and loss of detectable CD4. 
Int J Cancer. 2003; 103:12-20. doi: 10.1002/ijc.10758. 
PubMed PMID: 12455048.

26.	 Geissinger E, Odenwald T, Lee SS, Bonzheim I, Roth 
S, Reimer P, et al. Nodal peripheral T-cell lymphomas 
and, in particular, their lymphoepithelioid (Lennert’s) 
variant are often derived from (CD8 Positive) 
cytotoxic cells. Virchows Arch. 2004; 445:334-43. 
doi: 10.1007/s00428-004-1077-2.  PubMed PMID: 
15480768.

27.	 Warnke RA, Jones D and His ED. Morphologic 
and Immunophenotypic Variants of Nodal T-Cell 
Lymphomas and T-Cell Lymphoma mimics. Am 
J Clin Pathol. 2007; 127:511-27. doi: 10.1309/
QBLAMA321K9AD2XK. 	 PubMed PMID: 
17369127.

28.	 Tokunaga T, Shimada K, Yamamoto K,Chihara D, 
Ichihashi T, Oshima R, et al. Retrospective analysis 
of prognostic factors for angioimmunoblastic T-cell 
lymphoma: a multicenter cooperative study in Japan. 
Blood. 2012; 119:2837-43. doi: 10.1182/blood-2011-
08-374371.  PubMed PMID: 22308294.

29.	 Dupuis J, Boye K, Martin N, Copie-Bergman C, 
Plonquet A, Fabiani B, et al. Expression of CXCL13 
by neoplastic cells in angioimmunoblatic T-cell 
lymphoma(AITL): a new diagnostic marker providing 
evidence that AITL derives from follicular helper T 
cells. Am J Surg Pathol. 2006; 30:490-4.  PubMed 
PMID: 16625095.

30.	 Anagnostopoulos I, Hummel M, Stein H. 
Frequent presence of latent Epstein-Barr virus 
infection in peripheral T-cell lymphomas. 
A review. Leuk Lymphoma.1995; 19:1-12. 
doi:10.3109/10428199509059657.  PubMed PMID: 
8574154.

31.	 d’Amore F, Johansen P, Houmand A,Weisenburger 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
24

-0
9-

01
 ]

 

                               7 / 8

https://ijbc.ir/article-1-884-en.html


Patel BK et al.

IRANIAN JOURNAL OF BLOOD AND CANCER108 

DD, Mortensen LS. Epstein-Barr virus genome 
in non-Hodgkin’s lymphomas occurring in 
immunocompetent patients: highest prevalence in 
nonlymphoblastic T-cell lymphoma and correlation 
with a bad prognosis. Danish Lymphoma Study 
Group. LYFO. Blood. 1996; 87:1045-55.  PubMed 
PMID:  8562929.

32.	 Lome-Maldonado C, Canioni D, Hermine O, Delabesse 
E, Damotte D, Raffoux E, et al. Angioimmunoblatic 
T-cell lymphoma(AILD-TL) rich in large B cells 
and associated with Epstein-Barr virus infection: 
a different subtype of AILD-TL? Leukemia. 2002; 
16:2134-41. doi: 10.1038/sj.leu.2402642. PubMed 
PMID: 12357368.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
24

-0
9-

01
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://ijbc.ir/article-1-884-en.html
http://www.tcpdf.org

