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Abstract
Programmed death-1 (PD-1), a member of the CD28 costimulatory receptor family, is expressed
by germinal center-associated T cells in reactive lymphoid tissue. In a study of a wide range of
lymphoproliferative disorders, neoplastic T cells in 23 cases of angioimmunoblastic lymphoma
were immunoreactive for PD-1, but other subtypes of T cell and B cell non-Hodgkin lymphoma,
as well as classic Hodgkin lymphoma, did not express PD-1. The pattern of PD-1 immunostaining
of neoplastic cells in angioimmunoblastic lymphoma was similar to that reported for CD10, a
recently described marker of neoplastic T cells in angioimmunoblastic lymphoma. Tumor-
associated follicular dendritic cells in cases of angioimmunoblastic lymphoma were found to
express PD-L1, the PD-1 ligand. In addition, PD-1-positive reactive T cells formed rosettes
around neoplastic L&H cells in 14 cases of nodular lymphocyte predominant Hodgkin lymphoma
studied. These findings, along with data from previous studies, suggest that angioimmunoblastic
lymphoma is a neoplasm of germinal center-associated T cells and that there is an association of
germinal center-associated T cells and neoplastic cells in nodular lymphocyte predominant
Hodgkin lymphoma. PD-1 is a useful new marker for angioimmunoblastic lymphoma and lends
further support to a model of T-cell lymphomagenesis in which specific subtypes of T cells may
undergo neoplastic transformation and result in specific, distinct histologic, immunopheno-typic,
and clinical subtypes of T-cell neoplasia.
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Programmed death-1 (PD-1) is a member of the CD28 family of receptors that includes
CD28, cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), inducible costimulator
(ICOS), and B- and T-lymphocyte attenuator (BTLA; reviewed by Riley and June4 and
Sharpe and Freeman2). These receptors play a role in the cellular immune response. For
example, CD28 serves as a costimulatory receptor that enhances T-cell activation, whereas
CTLA-4 serves as an inhibitor of T-cell activation.1,2 PD-1 also has an inhibitory function
on T cells and B cells, and is important in peripheral tolerance.1–3 There are at least 2
ligands for PD-1, PD-L1, and PD-L2, which are expressed on a range of cells.4
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CD28 is constitutively expressed on most or all CD4+ T cells and approximately 50% of
CD8+ T cells, whereas CTLA-4 is not expressed on resting T cells.1 PD-1 is also expressed
on activated T cells, B cells, and myeloid cells.5 Iwai and coworkers5 studied the micro-
anatomic distribution of PD-1 in human tonsil and found that PD-1 is expressed on most T
cells and a small subset of B cells in the light zone of germinal centers, but not elsewhere in
the tonsil. On that basis, it was postulated that PD-1 may play a role in the process of clonal
selection of centrocytes, which occurs in this subanatomic site in germinal centers.5

Because of the limited and specific distribution of PD-1 expression in lymphoid tissue, we
utilized a monoclonal antibody to PD-1 to examine its expression in a wide range of B-cell
and T-cell lymphoproliferative disorders, to see if PD-1 expression is associated with any
particular subset of B-cell and/or T-cell lymphoproliferative disorders.

MATERIALS AND METHODS
Case material was obtained from the Brigham & Women’s Hospital, Boston, MA, in
accordance with institutional policies. All diagnoses were based on the histologic and
immunophenotypic features described in the World Health Organization Lymphoma
Classification system6 and in all cases diagnostic material was reviewed by a
hematopathologist.

PD-1 antibody (EH12) was generated by immunization of mice with recombinant human
PD-1 fusion protein.4 Spleen cells were fused with SP2/0 myeloma cells, cloned, and
hybridoma supernatants screened by cell surface staining of PD-1 transfected 300.19, Jurkat,
and CHO cells and for lack of reactivity with vector alone transfected cells. Clone EH12
(mouse IgG1) was chosen for further analysis based on its capacity to stain paraffin-
embedded tissue. PD-L1 antibody 29E.2A3 was previously described.4 Antibodies for CD3
and CD20 (L26) were obtained from DakoCytomation (Carpinteria, CA); antibodies BU36
for CD21 and BU38 for CD23 were obtained from Binding Site (San Diego, CA); antibodies
56C6 for CD10 and P1F6 for bcl-6 were obtained from Novocastra (Vector Laboratories,
Burlingame, CA).

Immunostaining for PD-1, CD3, CD10, CD21, CD23, and bcl-6 was performed on formalin-
fixed paraffin-embedded tissue sections following microwave antigen retrieval in 10 mM
citrate buffer, pH 6.0, using a standard indirect avidin-biotin horseradish peroxidase method
and diaminobenzidine color development, as previously described.7,8 Immunostaining for
PD-L1 and CD20 was performed as above, except that no antigen retrieval was employed.
Cases were regarded as immunoreactive for PD-1 if at least 20% of neoplastic cells
exhibited positive staining. PD-1 and PD-L1 immunostaining was compared with that of
mouse IgG isotype control antibody diluted to identical protein concentration for all cases
studied, to confirm staining specificity. Two color immunostaining was performed using
NovaRED (Vector Laboratories, Burlingame, CA) as an additional reagent for color
development, in addition to diaminobenzidine.

RESULTS
PD-1 Immunostaining in Reactive Lymphoid Tissue

Monoclonal antibody EH12 for PD-1 was used to stain formalin-fixed, paraffin-embedded
specimens of reactive lymphoid tissue, thymus, and a range of cases of B-cell and T-cell
lymphoproliferative disorders. In specimens of tonsil exhibiting reactive changes, including
follicular hyperplasia, a subset of predominantly small lymphocytes in the germinal centers
exhibited cell surface and cytoplasmic staining for PD-1, with few PD-1-positive cells seen
in the interfollicular T-cell zones (Fig. 1D). The PD-1 staining pattern within germinal

Dorfman et al. Page 2

Am J Surg Pathol. Author manuscript; available in PMC 2011 July 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



centers was virtually identical to that seen with an antibody to CD3 (Fig. 1C), a pan-T-cell
marker, whereas an antibody to CD20, a pan B-cell marker, stained the vast majority of
germinal center B cells (Fig. 1B). Similar results were seen in histologic sections of reactive
lymph node and spleen (data not shown). No PD-1 staining was observed in adult or fetal
thymus (data not shown). Two color immunostaining was performed to definitively identify
PD-1-positive germinal center cells. PD-1-positive cells in germinal centers were double-
stained with antibody for T-cell marker CD3 (Fig. 1E), but not with antibody for B-cell
marker CD20, which stained adjacent B cells (Fig. 1F).

PD-1 Immunostaining in Paraffin-embedded Tissue Sections of B-cell and T-cell
Lymphoproliferative Disorders

We studied a range of B-cell and T-cell lymphoproliferative disorders for PD-1 expression;
the results are summarized in Table 1. Forty-two cases of B-cell lymphoproliferative
disorders were examined for PD-1 expression, including representative cases of precursor B
lymphoblastic leukemia/lymphoblastic lymphoma, and a range of lymphoproliferative
disorders of mature B cells, including a number of B-cell non-Hodgkin lymphomas of
follicular origin, including 6 cases of follicular lymphoma and 7 cases of Burkitt lymphoma.
None of the B-cell lymphoproliferative disorders showed staining for PD-1. In some cases,
non-neoplastic reactive lymphoid tissue was present, and showed a PD-1 staining pattern as
seen in tonsil and other reactive lymphoid tissue noted above (data not shown).

Similarly, in 25 cases of Hodgkin lymphoma, including 11 cases of classic Hodgkin
lymphoma and 14 case of lymphocyte-predominant Hodgkin lymphoma, the neoplastic cells
did not exhibit staining for PD-1. Interestingly, in all 14 cases of lymphocyte-predominant
Hodgkin lymphoma, the T cells surrounding neoplastic CD20-positive lymphocytic and/or
histiocytic (L&H) cells were immunoreactive for PD-1, similar to the staining pattern
reported for CD57+ T cells in lymphocyte-predominant Hodgkin lymphoma (Fig. 2; Ref. 6).
These PD-1-positive cells were a subset of the total CD3+ T-cell population present (Fig. 2).

A range of T-cell lymphoproliferative disorders was studied for expression of PD-1; the
results are summarized in Table 1. Cases of precursor T-cell lymphoblastic leukemia/
lymphoblastic lymphoma, a neoplasm of immature T cells, were negative for PD-1, as were
neoplasms of peripheral, post-thymic T cells, including cases of T-cell prolymphocytic
leukemia, peripheral T-cell lymphoma, unspecified, anaplastic large cell lymphoma, and
adult T-cell leukemia/lymphoma. In contrast, all 23 cases of angioimmunoblastic
lymphoma, primarily diagnosed in lymph node biopsies from patients ranging in age from
36 to 86 years, with mean age 65 years, contained foci of PD-1-positive cells that were also
immunoreactive for pan T-cell markers such as CD3. PD-1-positive cells represented 20% to
50% of CD3-positive T cells in lesional tissue (Table 2). PD-1-positive cells were
consistently found at foci of expanded CD21+ follicular dendritic cells (FDCs) networks, a
characteristic feature of angioimmunoblastic lymphoma. Figure 3 shows a representative
case of angioimmunoblastic lymphoma with multiple foci of PD-1-positive cells found at
foci of expanded FDC networks. Two-color immunostaining was performed to definitively
identify PD-1-positive cells in cases of angioimmunoblastic lymphoma. In cases of
angioimmunoblastic lymphoma studied, the PD-1-positive cells were double stained with
antibody for T-cell marker CD3, but not with antibody for B-cell marker CD20, which
stained adjacent B cells (data not shown).

We compared PD-1 immunostaining in cases of angioimmunoblastic lymphoma to CD10
and bcl-6 immunostaining, because both markers have been reported to mark neoplastic
cells in cases of angioimmunoblastic lymphoma; the results are summarized in Table 2. In
general, anti-CD10 antibody 56C6 stained neoplastic cells in a pattern similar to that
observed for PD-1; representative results are shown in Figure 4. CD10-positive cells
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typically represented 5% to 50% of CD3-positive cells, and represented a smaller subset of
CD3-positive cells than PD-1-positive cells. In 6 of 23 cases of angioimmunoblastic
lymphoma, the CD10-positive cells represented less than 5% of CD3-positive cells present,
and in 6 of 23 cases of angioimmunoblastic lymphoma, the percentage of CD3-positive cells
that were positive for PD-1 and CD10 was equal (Table 2). In general, anti-bcl-6 antibody
P1F6 stained a small subset of cells at foci of PD-1-positive, CD10-positive cells, in cases of
angioimmunoblastic lymphoma; representative results are shown in Figure 4. In 12 of 21
cases, bcl-6-positive cells represented less than 5% of CD3-positive cells present; in 1 case
of angioimmunoblastic lymphoma, the percentage of CD3-positive cells that were positive
for PD-1 and bcl-6 was equal, and in 6 cases, the percentage of CD3-positive that were
positive for bcl-6 was equal to or greater than the percentage of CD10-positive cells (Table
2).

Immunostaining for PD-L1
We performed immunostaining for PD-1 ligand PD-L1 using monoclonal antibody 29E.
2A3, on 19 of 23 cases of angioimmunoblastic lymphoma. This antibody was previously
demonstrated to stain germinal centers in reactive lymphoid tissue in a pattern consistent
with FDC staining.4 In cases of angioimmunoblastic lymphoma, clusters of neoplastic CD3-
positive T cells typically are found in association with expanded networks of FDCs, which
are immunoreactive for CD21 (Fig. 3). We also found that CD23 stained FDCs in cases of
angioimmunoblastic lymphoma in a pattern similar to that found with CD21
immunostaining, with more pronounced staining of FDCs for CD23 than CD21 in 7 cases,
and less pronounced staining of FDCs for CD23 than CD21 in 1 case (data not shown). In
the cases of angioimmunoblastic lymphoma studied, CD21- and CD23-positive FDCs were
immunoreactive with PD-L1 antibody 29E.2A3, with staining noted adjacent to foci of
PD-1-immunoreactive T cells in the pattern observed for FDC staining (Fig. 5). PD-L1
antibody also stained small vessels in reactive lymphoid tissue and lesional tissue studied. In
cases of lymphocyte-predominant Hodgkin lymphoma studied, PD-L1 antibody stained
CD20-positive L&H cells, and FDCs and scattered small lymphocytes; representative
findings are shown in the inset to Figure 2D.

DISCUSSION
Here we report that PD-1, which is a marker of germinal center-associated T cells, is
expressed by neoplastic cells in angioimmunoblastic T-cell lymphoma, and is expressed by
T cells associated with neoplastic B cells in nodular lymphocyte-predominant Hodgkin
lymphoma. Recently, Chtanova and coworkers9 described a distinctive transcriptional
profile in T-follicular helper cells which home to the B-cell areas of secondary lymphoid
tissue. A number of genes were found to be expressed specifically in T-follicular helper
cells, including PD-1, which was not expressed at significant levels in other T-cell subsets.9
Our finding of PD-1 expression by immunostaining in germinal center-associated T cells
provides evidence that PD-1 is not only transcriptionally up-regulated in follicular-
associated T cells, but in addition, PD-1 protein is produced in these cells, and is not found
in T cells of other subanatomic zones. The absence of PD-1 by immunostaining in other T-
cell zones, and in a range of T-cell lymphomas, including those that appear to be derived
from Th1 and Th2 committed T cells,10,11 is further support of the finding that PD-1
expression is limited to germinal center-associated T cells. Although germinal center-
associated T-helper cells are required for antibody production, neoplastic transformation of
these cells may contribute to the immunodeficiency and immune dysfunction commonly
seen in angioimmunoblastic lymphoma. Expression of PD-1 should allow the T cell to be
receptive to down-regulatory signals via the PD-1/PD-1 ligand pathway and limit the
expansion and cytokine production of T cells in the B cell zone.
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PD-1 expression by neoplastic T cells in angioimmunoblastic lymphoma suggests that this
neoplasm is derived from follicular or germinal center-associated T cells. There are other
findings that support this conclusion. We have previously shown that FDCs, and fibroblastic
reticulum cells, characteristically proliferate and are associated with the neoplastic cells in
cases of angioimmunoblastic lymphoma.12 FDCs are closely associated with B-cell
germinal centers in secondary lymphoid tissue and are associated with the neoplastic cells in
virtually all cases of follicular lymphoma, a neoplasm of germinal center B cells.6 FDC
proliferation is not seen in T-cell lymphoproliferative disorders, except angioimmunoblastic
lymphoma, which suggests that the cell of origin of angioimmunoblastic lymphoma is
closely associated with FDCs, as we would expect would be the case for germinal center-
associated T cells. We have shown that FDCs in cases of angioimmunoblastic lymphoma
express PD-L1, the ligand for PD-1, and that PD-L1-positive FDCs are closely associated
with PD-1-positive neoplastic T cells.

Ree and coworkers have reported that bcl-6 protein, a transcription factor involved in B-cell
proliferation and differentiation characteristically expressed by germinal center B cells and
the neoplastic cells in follicular lymphoma,6 is expressed by a subset of neoplastic CD3-
positive T cells in angioimmunoblastic lymphoma.13 We also found that bcl-6 stained a
subset of cells in cases of angioimmunoblastic lymphoma at foci of PD-1-positive cells.
Although a smaller number of bcl-6-positive cells than PD-1-positive cells was typically
seen in cases of angioimmunoblastic lymphoma, the pattern and distribution of bcl-6-
positive cells was similar to that seen for PD-1 positive cells. Interestingly, bcl-6 was also
identified as a marker of T-follicular helper cells in the transcription profiling study of
Chtanova and coworkers.9

Recently, neoplastic cells in the majority of cases of angioimmunoblastic lymphoma have
been reported to express CD10, a marker of germinal center B cells and B-cell precursors.14

Attygalle and coworkers14 identified CD10 as an immunophenotypic marker of neoplastic T
cells in angioimmunoblastic lymphoma in 87% of cases, and found that CD10 is not
expressed in other peripheral T-cell lymphomas. We found that anti-CD10 antibody 56C6-
stained neoplastic cells in cases of angioimmunoblastic lymphoma in a pattern similar to that
observed for PD-1, although CD10-positive cells typically represented a smaller subset of
CD3-positive cells than PD-1-positive cells. In 6 of 23 cases of angioimmunoblastic
lymphoma, the CD10-positive cells represented less than 5% of CD3-positive cells present,
and in 6 of 23 cases of angioimmu-noblastic lymphoma, the percentage of CD3-positive
cells that were positive for PD-1 and CD10 was equal. Similarly, Attygalle and coworkers14

found that CD10-positive and CD3-positive cells ranged from 0% to 30% and represented
greater than 5% of cells present in 50% of cases of angioimmunoblastic lymphoma. They
postulated that CD10 expression in angioimmunoblastic lymphoma cells may be a result of a
disturbance of apoptosis in these cells,14 similar to that seen in bcl-2-overexpressing
follicular lymphoma cells. CD10, an endopeptidase, is expressed by a wide range of cell
types, including a subset of thymic T cells.15

The expression of a number of regulatory and functional proteins by germinal center B cells
as well as germinal center-associated T cells was observed in transcriptional profiling
experiments.9 Similarly, we have observed that angioimmunoblastic lymphoma, which we
suggest may be a neoplasm of germinal center-associated T cells, expresses a number of
protein markers of neoplastic, germinal center B cells. Previously, we reported that a
transcription factor, T-bet, a T-box transcription factor required for Th1 T-cell development,
which is expressed in a subset of T-cell lymphomas, is also expressed in B cells and a subset
of B-cell lymphoma.16 Similarly, B-cell-associated transcription factor OCT-1 and
coactivator BOB.1, expressed as well in B-cell lymphomas, were found to be expressed in a
wide range of T-cell neoplasms and thought to possibly play a role in neoplastic
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transformation of T cells.17 These findings suggest that a number of proteins are needed for
both B-cell and T-cell development and function, and that this shared expression persists in
lymphoid neoplasia.

Nodular lymphocyte-predominant Hodgkin lymphoma is a B-cell neoplasm that appears to
be derived from germinal center B cells with mutated, nonfunctional immunoglobulin
genes.18,19 Similar to angioimmunoblas-tic lymphoma, neoplastic cells are associated with a
meshwork of FDCs. PD-1 expression is seen in T cells closely associated with neoplastic
CD20-positive cells in nodular lymphocyte-predominant Hodgkin lymphoma, in a pattern
similar to that reported for CD57-positive T cells.6 CD57 has been identified as another
marker of germinal center-associated T cells, along with CXCR5.20 We also found that
neoplastic CD20-positive B cells in cases of nodular lymphocyte-predominant Hodgkin
lymphoma studied express PD-L1 ligand. Taken together, these findings support the
conclusion that the neoplastic cells in nodular lymphocyte-predominant Hodgkin lym-
phoma have a close association with germinal center-associated T cells.

PD-1 is a new marker of angioimmunoblastic lymphoma and suggests a unique cell of origin
for this neoplasm. Unlike CD10 and bcl-6, PD-1 is expressed by few B cells, so it may be a
more specific and useful diagnostic marker in angioimmunoblastic lymphoma. It also seems
to stain a greater percentage of CD3-positive neoplastic cells in angioimmunoblastic
lymphoma than either CD10 or bcl-6. In addition, PD-1 expression provides new evidence
that angioimmunoblastic lymphoma is a neoplasm derived from germinal center-associated
T cells. Previously, we reported that Th1- and Th2-differentiated T cells may give rise to
unique subsets of T-cell lymphoproliferative disorders.10,11 PD-1 expression in
angioimmunoblastic lymphoma lends further support to this model of T-cell oncogenesis, in
which specific subtypes of T cells may undergo neoplastic transformation and result in
specific distinct histologic, immunophenotypic, and clinical subtypes of T-cell neoplasia.
Chtanova and coworkers9 identified a number of genes that are specifically up-regulated in
expression in germinal center-associated T cells, in addition to PD-1. It will be interesting to
determine whether the expression of these other genes can be studied by immunostaining in
angioimmunoblastic lymphoma and other lymphoid neoplasms. Furthermore, it may be
possible that one or more of these new markers of angioimmunoblastic lymphoma, such as
PD-1, may provide the basis for an immunotherapeutic approach to the treatment of
angioimmunoblastic lymphoma, similar to the use of anti-CD20 and anti-CD52
immunotherapy in B-cell neoplasia.
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FIGURE 1.
PD-1 immunostaining in tonsil. Tonsil with follicular hyperplasia and germinal center
formation (A). Germinal centers contain numerous CD20-positive B cells (B), and CD3-
positive T cells (C), which are also present in the interfollicular T-cell zone. PD-1
immunostaining highlights the vast majority of germinal center-associated T cells (D), but
few T cells in the interfollicular T-cell zone. (A, hematoxylin and eosin (H&E), × 100; B-D,
immunostaining with hematoxylin counterstain, × 100, with insets at × 400). Double
immunostaining for PD-1, B-cell, and T-cell markers in tonsil with follicular hyperplasia
and germinal center formation (E, F), stained for PD-1 (brown) and CD3 (red), showing dual
stained cells (E). Tonsil was also stained for PD-1 (brown) and CD20 (red) showing
separately stained PD-1-positive and CD20-positive cells (F). (A, H&E, × 100; B-D,
immunostaining with hematoxylin counterstain, × 100; C and D insets, immunostaining with
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hematoxylin counterstain, × 200; E and F, immunostaining with hematoxylin counterstain, ×
200).
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FIGURE 2.
PD-1 immunostaining in nodular lymphocyte predominant Hodgkin lymphoma. Lymph
node involved by nodular lymphocyte-predominant Hodgkin lymphoma, showing a nodular
proliferation of L&H (popcorn) cells surrounded by small lymphocytes (A). The neoplastic
L&H cells show immunostaining for the B-cell marker CD20 (B), whereas the surrounding
small lymphocytes show immunostaining for T-cell marker CD3 (C). A subset of the CD3-
positive T cells form rosettes around the neoplastic L&H cells and are PD-1 positive (D).
L&H cells are immunoreactive for PD-1 ligand PD-L1 (D, inset). (A, H&E, × 400; B-D,
immunostaining with hematoxylin counterstain, × 400; D inset, immunostaining with
hematoxylin counterstain, × 400).
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FIGURE 3.
PD-1 immunostaining in angioimmunoblastic lymphoma. Lymph node involved by
angioimmunoblastic lymphoma, showing numerous intermediate size lymphoid cells with
round to irregular nuclei and clear cytoplasm, along with a proliferation of small blood
vessels (A). Immunostaining reveals the presence of numerous CD3-positive T cells (B),
and a CD23-positive FDC meshwork is associated with the T-cell infiltrate (C). A
significant subset of CD3-positive cells express PD-1 (D). Scattered CD20-positive B cells
were also present (not shown). (A, H&E, × 200; B-D, immunostaining with hematoxylin
counterstain, × 200).
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FIGURE 4.
Comparison of PD-1, CD10, and bcl-6 immunostaining in angioimmunoblastic lymphoma.
Lymph node involved by angioimmunoblastic lymphoma, showing numerous intermediate
size lymphoid cells with round to irregular nuclei and clear cytoplasm, along with a
proliferation of FDCs and small blood vessels (A). Immunostaining reveals the presence of
numerous CD3-positive T cells (B), CD21-positive FDCs (C), PD-1-positive cells, which
account for a significant subset of CD3-positive cells (D), CD10-positive cells, which
account for a smaller subset of CD3-positive cells (E), and bcl-6-positive cells, which
account for a minor percentage of cells present (F). (A, H&E, × 200; B-F, immunostaining
with hematoxylin counterstain, × 200).
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FIGURE 5.
PD-L1 immunostaining in angioimmunoblastic lymphoma. Lymph node involved by
angioimmunoblastic lymphoma (A) with CD21-positive FDCs present in expanded
networks (B) where foci of PD-1-positive cells are present (C). Immunostaining reveals the
presence of numerous PD-L1-positive cells (D) closely associated with PD-1-positive cells.
The pattern of PD-L1 staining is similar to that seen with CD21, a marker of FDCs (B). (A,
H&E, × 400; B-D, immunostaining with hematoxylin counterstain, × 400).
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TABLE 1

PD-1 Immunostaining in Lymphoproliferative Disorders

PD-1 Immunostaining

B-cell LPDs 0/42*

 B-LL/LL 0/3

 CLL 0/4

 MCL 0/4

 FL 0/6

 MZL 0/3

 HCL 0/3

 DLBCL 0/6

 BL 0/7

 LPL 0/3

 MM 0/3

Hodgkin lymphoma 0/25

 Classical 0/11

 Nodular lymphocyte-predominant 0/14†

T cell LPDs 23/60

 T-LL/LL 0/5

 T-PLL 0/3

 AIL 23/23

 PTCL, unspecified 0/14

 ALCL 0/12

 ATLL 0/3

*
Number of immunoreactive cases/total number of cases.

†
PD-1-positive T cells form rosettes around neoplastic L&H cells in 14/14 cases.

B-LL/LL indicates precursor B-cell lymphoblastic lymphoma/lymphoblastic leukemia; CLL, chronic lymphocytic leukemia; MCL, mantle cell
lymphoma; FL, follicular lymphoma; MZL, marginal zone lymphoma; HCL, hairy cell leukemia; DLBCL, diffuse large B-cell lymphoma; BL,
Burkitt lymphoma; LPL, lympho-plasmacytic lymphoma; MM, multiple myeloma; T-LL/L, precursor T-lympho-blastic leukemia/lymphoblastic
lymphoma; T-PLL, T-cell prolymphocytic leukemia; AIL, angioimmunoblastic lymphoma; PTCL, peripheral T-cell lymphoma, unspecified;
ALCL, anaplastic large cell lymphoma; ATLL, adult T-cell leukemia/lymphoma.
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TABLE 2

PD-1, CD10, and bcl-6 Immunostaining in Angioimmunoblastic Lymphoma

Case No. PD-1/CD3* CD10/CD3* Bcl-6/CD3*

1 20 10 <5

2 50 25 <5

3 50 20 10

4 20 10 <5

5 50 <5 <5

6 50 5 5

7 20 20 <5

8 50 50 5

9 20 20 5

10 50 50 <5

11 30 <5 <5

12 20 5 <5

13 50 <5 5

14 50 25 25

15 20 10 <5

16 20 10 <5

17 50 25 <5

18 50 50 <5

19 25 25 10

20 25 <5 ND

21 50 <5 50

22 50 30 5

23 20 <5 ND

*
Percentage staining of CD3-positive T cells.
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