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Angioimmunoblastic T-cell ymphoma is immunologically defined by the expression of CD10 and the follicular
helper T cell (Try) markers such as CXCL13, programmed death-1 (PD-1) and inducible T-cell costimulator
(ICOS). This Tg4 profile has been mainly reported by immunohistochemistry. Here, using multiparametric flow
cytometry, the relevance of ICOS and PD-1 to angioimmunoblastic T-cell ymphoma diagnosis was evaluated in
lymph node (n=15) as well as in peripheral blood (n=13) among a series of 28 angioimmunoblastic T-cell
lymphoma cases, in addition to the CD10 expression (available in 26 lymph node and 15 peripheral blood
specimens). In this series, CD10 expression was present in 23/26 (88%) lymph node and in 12/15 (80%)
peripheral blood cases and ICOS in 13/15 (87%) lymph node and in 6/13 (47%) peripheral blood cases, whereas
neither significant CD10 nor ICOS T cells were identified in the control group (lymph nodes with reactive
hyperplasia =10, peripheral blood of healthy donors = 15). PD-1 expression was less informative as observed in
both angioimmunoblastic T-cell lymphoma and control cases. The multiparametric approach allowed us to
confirm the frequent blood dissemination in angioimmunoblastic T-cell ymphoma and to show that circulating
neoplastic T cells correspond more often to a CD10-positive subset than to an ICOS-positive subset.
Consequently, if ICOS constitutes an additional feature for the diagnosis of angioimmunoblastic T-cell

lymphoma, it appears less sensitive than CD10 expression for the detection of circulating neoplastic T cells.
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Angioimmunoblastic T-cell lymphoma is a rare
entity accounting for ~2% of all non-Hodgkin’s
lymphomas, but it represents one of the most
frequent entities (15—20%) among peripheral T-cell
lymphoma'® and is characterized in most cases by
an aggressive behavior.* The diagnosis can be
difficult based on morphological criteria alone, as
the morphology can overlap with a variety of
reactive and neoplastic disorders such as autoim-
mune diseases, reactive hyperplasia and sometimes
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large B-cell lymphoma. Therefore, the definitive
diagnosis requires additional immunologic and
molecular data. The CD10 expression by neoplastic
T cells observed in 80-90% of angioimmunoblastic
T-cell lymphoma cases currently represents a spe-
cific diagnostic marker that has been demonstrated
in several studies using immunohistochemistry
as well as flow cytometry.*® The gene expression
profiling analysis has demonstrated the cellular
derivation of angioimmunoblastic T-cell lymphoma
from follicular helper T cells (T cells),’®*" that was
initially suspected on the expression of Ty markers
by immunohistochemistry, particularly the expres-
sion of the cytoplasmic CXCL13 chemokine.'*"?
Then, additional Tyy markers, including the cell
surface molecules CXCR5, the programmed death-1
(PD-1), cytoplasmic SAP (SLAM-associated protein)
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and the transcription factor BCL6, have been
reported as angioimmunoblastic T-cell lymphoma
markers by immunohistochemistry.®'*'® More re-
cently, the inducible T-cell costimulator (ICOS)
protein has been proposed to be suitable for
identifying Tyy cells and to be perhaps superior to
PD-1 for angioimmunoblastic T-cell lymphoma
diagnosis."” Among T-cell lymphomas, ICOS expres-
sion analyzed by immunohistochemistry was
indeed observed in angioimmunoblastic T-cell lym-
phoma (85/86 cases), and in the follicular variant
of peripheral T-cell lymphoma, not otherwise
specified (18/18 cases), a recently described variant
of peripheral T-cell lymphoma showing phenotypic
features in common with angioimmunoblastic
T-cell lymphoma.'®"” ICOS was also expressed by
some peripheral T-cell lymphomas, not otherwise
specified, showing a Try-like profile (24/56)."” Thus,
ICOS appears rather as a diagnostic marker of
Try-derived lymphomas that encompass angioim-
munoblastic T-cell lymphomas and peripheral
T-cell lymphomas, not otherwise specified, with
some angioimmunoblastic T-cell lymphoma fea-
tures. Interestingly, circulating ICOS-positive T cells
were identified in two angioimmunoblastic T-cell
lymphoma cases."”

The peripheral blood dissemination is a common
feature in angioimmunoblastic T-cell lympho-
ma,” ¥ and we and others demonstrated that the
detection of circulating CD10-positive T cells by
flow, whatever be the percentage of CD10-positive
cells in lymph node and the lymphocyte count, is
relevant for angioimmunoblastic T-cell lymphoma
diagnosis.”*® However, CD10 expression by T cells
may be lacking or too faint to allow a firm diagnosis,
which justifies the use of additional markers.
CXCL13 and BCL6 represent useful and robust
angioimmunoblastic T-cell lymphoma markers by
immunohistochemistry,'*"® but they are not routi-
nely available by flow cytometry in contrast to PD-1
and ICOS.

Here, we evaluate the relevance of the Ty markers
ICOS and PD-1 to angioimmunoblastic T-cell lym-
phoma diagnosis in peripheral blood as well as in
lymph node using multiparametric flow cytometry
analysis, and in particular their usefulness for
diagnosis improvement.

Materials and methods
Samples

A total of 28 angioimmunoblastic T-cell lymphoma
cases were selected from the files of the hematology
laboratory between 1996 and 2010. In all cases,
angioimmunoblastic T-cell lymphoma diagnosis
was histologically made by experienced hemato-
pathologist (FB, ATG) on lymph node sections
according to the WHO criteria.? Among these
28 cases, 12 cases have been previously reported
(Table 1, cases 1-12).”
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In addition to the immunological markers routi-
nely used in T-cell lymphoma diagnosis, the
expression of ICOS and PD-1 was evaluated by flow
cytometry in 15 lymph nodes and 13 peripheral
blood samples. These cases have been cryocon-
served in fetal calf serum (FCS; Vysis, Voisins le
Bretonneux, France) with 10% dimethyl sulfoxide
(DMSO; Sigma, St Louis, MO, USA) in liquid
nitrogen until use.

Lymph nodes with reactive hyperplasia (n=10)
and peripheral blood from healthy donors (n=15)
were used as control groups.

The immunohistochemistry staining has been
previously described.”

Flow Cytometry

Fresh or thawed lymph node suspensions and
peripheral blood samples were analyzed using an
eight-color multiparametric staining in particular
the Try markers ICOS and PD-1. The eight
antibodies used were as follows: CD57-FITC (clone
NC1; Becton Dickinson, San Jose, CA, USA),
ICOS-PE (CD278; clone ISA-3; eBioscience, Paris,
France), CD279-PC7 (clone PD-1; Beckman-Coulter,
Hialeah, FL, USA), CD10-APC (HI10a; Becton
Dickinson), CD3-APC-Cy7 (clone SK7; Becton
Dickinson), CD5-PercP-Cy5.5 (clone L17F12;
Becton Dickinson), CD4-Pacific-blue (clone RPA-T4;
Becton Dickinson) and CD8-AmCyan (clone
SK1; Becton Dickinson). The other T and B-cell
markers were realized at the time of diagnosis in
all lymph node and peripheral blood cases.
Methods for immunophenotype analysis by multi-
parametric flow cytometer have been previously
reported.”

The flow data were acquired on a BD FACSCanto
II cytometer, which was daily calibrated with BD
Cytometer Setup and Tracking Beads, and were
analyzed with BD FACS DIVA software (all from
Becton Dickinson). Fresh blood samples were lyzed
using BD FACS (lyse/Wash assistant; Becton Dick-
inson). As previously defined,” a CD10 expression
by the CD4-positive or CD5-positive T cells >5% of
CD4-positive or CD5-positive T cells was considered
as positive. The ICOS and PD-1 expression by T cells
was evaluated by different methods. As only a
subset of T cells expressed ICOS,"” and in accor-
dance with our previous data, upon CD10 expres-
sion,” ICOS was considered as positive when
expressed by at least 5% of CD4-positive cells
presumed as neoplastic T cells. PD-1 expression
by T cells is common and a threshold of 20%,
usually used in flow cytometry, was chosen. The
fluorescence level of each parameter was also
measured in arbitrary units such as the mean
fluorescence intensity (MFI) and the ratio of fluor-
escence intensity (RFI) corresponding to the MFI of
neoplastic T cells normalized to the MFI of the
residual T cells.
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Table 1 Summary of clinical, morphological, immunological and molecular data

Cases Age/sex Clinique Phénotype (CMF) CD10 (CMF) CD10 TCR BCR
(IHC)
1 68/F Generalized lymphadenopathy, Hypogammaglobulinemia LN: CD3*/CD4*/CD2*®/CD5*/CD7* Pos (10%) Pos (2) + NA
anemia
2 48/M Generalized lymphadenopathy, Hypogammaglobulinemia LN: CD3/CD4*/CD2*/CD5*/CD7* Pos (25%) Pos (2) + +
fatigue, pruritus, anemia PB: CD3/CD4*/CD2*/CD5*/CD7+® Pos (5%) — —
3 55/F Lymphadenopathy, SN, skin lesions, = Hyper gammaglobulinemia LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (22%) Pos (2) + -
anemia SN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (8%) + —
4 58/F Generalized lymphadenopathy, fever, = Hyper gammaglobulinemia LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (16%) Pos (2) + +
hemolytic anemia
5 51/M Generalized lymphadenopathy, Hyper gammaglobulinemia LN: CD3/CD4*/CD2*/CD5*/CD7* Pos (27%) Pos (3) + NA
splenomegaly, skin lesions, fever, (IesG k=24g/1) PB: CD3 /CD4*/CD2*/CD5*/CD7* Pos (34%) NA NA
anemia
6 55/M Generalized lymphadenopathy, skin Hypogammaglobulinemia LN: CD3*/CD4*/CD2*@/CD5*¥/CD7*%  Pos (27%) Pos (2) + +
lesions, anemia PB: CD3*/CD4*/CD2+*9/CD5*¥/CD7*®  Pos (5%) NA NA
7 68/F Lymphadenopathy, fever, skin lesions, Hypogammaglobulinemia LN: CD3*/CD4*/CD2*/CD5*/CD7+@ Pos (26%) Pos (2) + NA
anemia
8 82/M Generalized lymphadenopathy, Hypogammaglobulinemia LN: CD3-/CD4 /CD2*/CD5*/CD7* Pos (58%)* Pos (3) + -
splenomegaly, anemia (IgG k=33g/1) PB: CD3/CD4 /CD2*/CD5*/CD7* Pos (47%)* + —
9 59/M Generalized lymphadenopathy, Hyper gammaglobulinemia LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (16%) Pos (2) + -
anemia PB: CD3*/CD4*/CD2*/CD5*/CD7* Pos (17%) + NA
10 72/M Generalized lymphadenopathy, Hyper gammaglobulinemia LN: NA ND Pos (2) + NA
splenomegalia, anemia BM: CD3*/CD4*/CD2*/CD5*/CD7* Pos (5%) NA NA
11 38/F Lymphadenopathy, hemolytic Hyper gammaglobulinemia LN: CD3*/CD4*/CD2*/CD5*/CD7* Neg Neg (0) - -
anemia
12 62/F Lymphadenopathy, anemia Hyper gammaglobulinemia LN: CD3*/CD4*/CD2*/CD5*/CD7+@® Pos (23%) Pos (3) + +
PB: CD3*/CD4*/CD2*/CD5*/CD7+® Pos (20%) + —
13 69/M Generalized lymphadenopathy, NA LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (15%) Pos (3) + +
splenomegalia, pruritus. PB: CD3*/CD4*/CD2*/CD5*/CD7* Pos (9%) + NA
14 69/M Generalized lymphadenopathy, NA LN: CD3/CD4*/CD2*/CD5*/CD7* Pos (40%) Pos (3) + -
splenomegalia, anemia PB: CD3 /CD4*/CD2*/CD5*/CD7* Pos (5%) NA NA
15 60/F Lymphadenopathy, splenomegalia, NA LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (9%) Pos (2) - -
anemia PB: CD3*/CD4*/CD2*/CD5*/CD7* Neg (+) NA
16 59/F Generalized lymphadenopathy, NA LN: NA Neg (0) + NA
splenomegalia, skin lesions. PB: CD3/CD4*/CD2*/CD5*/CD7* Neg (Bcl-6+) + NA
17 69/F Generalized lymphadenopathy, NA LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (15%) Pos (1) + NA
splenomegalia, anemia, pruritus. PB: CD3*/CD4*/CD2*/CD5*/CD7* Pos (5%) NA NA
18 63/M Generalized lymphadenopathy, Hypogammaglobulinemia LN: CD3-/CD4*/CD2*"/CD5*/CD7*¥  Neg Neg (0) + NA
splenomegalia, anemia PB: CD3-/CD4*/CD2*®/CD5*/CD7*¥  Neg (Bcl-6+) NA NA
19 76/F Generalized lymphadenopathy, Hyper gammaglobulinemia LN: CD3 /CD4*/CD2*/CD5*/CD7* Pos (14%) Pos (2) + -
anemia, skin lesions.
20 64/M Lymphadenopathy, splenomegalia, Hyper gammaglobulinemia LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (74%) Pos (3) NA NA
anemia
21 68/M Lymphadenopathy, anemia Hyper gammaglobulinemia LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (33%) Pos (2) + NA
(IgM) PB: CD3*/CD4*/CD2*/CD5*/CD7* Pos (5%) NA NA
22 50/F Generalized lymphadenopathy, Hyper gammaglobulinemia LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (12%) Pos (2), + -
hemolytic anemia (IgM) PB: CD3*/CD4*/CD2*/CD5*/CD7* Pos (5%) (Bcl-6+) + —
23 58/M Lymphadenopathy, anemia Normal LN: CD3 /CD4*/CD2*/CD5*/CD7* Pos (5%) Pos (2) + NA
PB: CD3/CD4*/CD2*/CD5*/CD7* Pos (5%) NA NA
24 91/F Generalized lymphadenopathy, Normal LN: CD3*/CD4*/CD2*/CD5*/CD7* Pos (13%) Pos (2) - -

anemia
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CD8 double-negative phenotype. In 8 cases studied
in lymph node and peripheral blood (8/28 (28%)),
neoplastic T cells were recognized thanks to a
complete loss of surface CD3 antigen (while expres-
sing cytoplasmic CD3 antigen). In all nodal samples,
pan-T-cell markers CD7, CD5 and CD2 were always
positive but with a lower expression than in residual
T cells in only 6, 1 and 1 cases, respectively (Table
1). Two cases showed an increased CD2 expression.
In all peripheral blood samples but one, malignant T
cells showed the same immunological pattern than
in lymph node samples. In this last case, the CD7
expression was weaker in peripheral blood than in
lymph node sample. In addition, in all angioimmu-
noblastic T-cell lymphoma cases analyzed in lymph
node suspension as well as in peripheral blood,
neoplastic T cells were CD57 and CD25 negative and
CD45RO0 positive.

In summary, 13 of the 28 cases showed an
abnormal T-cell phenotype. Among lymph node
samples, CD2 and CD5 were the less commonly
downregulated antigens (n=1), and the other pan-T
antigens were aberrantly lacking (CD3, n=38) or
diminished (CD3, n=1; CD7, n=6) or increased
(CD2, n=2). The immunological pattern was iden-
tical in all corresponding peripheral blood samples
but one.

CD10 Expression

As previously demonstrated,” most cases analyzed
by flow cytometry in lymph node suspension
showed a fraction of T cells that coexpressed CD10
(23/26 (88%); Table 1). A good correlation between
flow and immunohistochemistry was found again,
as only one case (case no. 28) was discordant (CD10
negative by flow and dimly positive by immunohis-
tochemistry). Among all lymph node cases, 15 could
also be studied in peripheral blood, and circulating
CD10-positive T cells were observed in 12/15 cases
(80%). Among the three CD10-negative cases in
peripheral blood, one case was CD10 positive in
lymph node, but only a small fraction of CD4 T cells
expressed CD10 (9% by flow and few scattered
CD10-positive T cells with no aggregate by immu-
nohistochemistry; case no. 15). In this case, no T-cell
clone was identified by PCR in lymph node,
whereas a very minor T-cell clone was observed in
peripheral blood. The two other cases (case nos. 16
and 18) were also CD10 negative in lymph node
(flow cytometry and/or immunohistochemistry).
However, the presence of neoplastic T cells in blood
was attested by a monoclonal rearrangement of T-
cell receptor by PCR (case no. 16) and by atypical
immunological T-cell profile (lack of surface CD3;
case no. 18). In two extranodal sites (bone marrow
and skin nodule), CD10-positive T cells were also
identified.

In summary, neoplastic T cells expressed CD10 in
23/26 of lymph nodes (88%), 2/2 of extranodal sites
(100%) and 12/15 peripheral blood samples (80%),
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whereas no significant CD10-positive T cells were
identified in the control group (lymph nodes, n=10
and peripheral blood, n=15). In addition, the CD10
expression was positive in 14 of the 15 cases with
normal T-cell phenotype, which substantiate the
involvement by neoplastic T cells.

Expression of the Try Markers

First, the effect of cryopreservation and thawing on
the ICOS and PD-1 expression by T cells was
evaluated on several thawed samples (angioimmuno-
blastic T-cell lymphoma and negative control
group) that had been cryopreserved for up to 9
years. The ICOS and PD-1 expressions were not
modified by cryopreservation and thawing (data not
shown).

ICOS and PD-1 expression in lymph node

Of the 15 lymph node suspensions, 13 (87%) were
ICOS positive using a threshold of 5% of CD4 T cells
(Figure 1 and Table 2). In the control group (reactive
lymph nodes, n=10), no CD4-positive T cells
expressed ICOS using a cutoff of 5% (range 0-2%).
In addition, the median of ICOS MFT in angioimmu-
noblastic T-cell lymphoma-positive cases was 164
(range 86—704), which was statistically higher than
the MFI of the reactive lymph nodes (46 (range 29—
82); P<0.05; Figure 2a). In the same way, the ratio of
ICOS MFI was also informative, as this ratio was
3.15 (range 1.19-6.82) in angioimmunoblastic T-cell
lymphoma cases, whereas it was 1.14 (range 0.70—
2.20) in reactive lymph nodes (P<0.05; Figure 2b).

Using a cutoff of 20%, 14/15 angioimmunoblastic
T-cell lymphoma cases (93%) were PD-1 positive
(median of MFI=7059 (range 3857-28942),
ratio=2.58 (range 1.33-6.28); Figure 1), whereas 6/
10 (60%) cases were PD-1 positive in reactive
hyperplasia (median of MFI=1853 (range 968—
6847], ratio=1.92 (range 0.85-2.48)). The PD-1
expression was not significantly different between
angioimmunoblastic T-cell lymphoma cases and
control group. As the PD-1 expression when ex-
pressed as MFI or RFI appears higher in angioim-
munoblastic T-cell lymphoma cases than in control
cases, a threshold of 40% was tested (data not
shown), but this cutoff of 40% was not more
informative to discriminate angioimmunoblastic T-
cell lymphoma from reactive conditions. The PD-1-
negative case was positive for both CD10 and ICOS.

In the lymph node case that was CD10 negative by
flow and immunohistochemistry (case no. 18), ICOS
was strongly expressed (24%, MFI=159 and
ratio=3.53) as well as PD-1 (81%, MFI=5744 and
ratio=1.33). In the present series, no case was
negative for both ICOS and CD10.

In 10/15 angioimmunoblastic T-cell lymphoma
cases (67%), a subset of neoplastic T cells (>5%)
that coexpressed CD10/ICOS/PD-1 could be identi-
fied (Figure 3a), whereas no cases of the control
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group showed this subset of T cells (<5%; (range
0.1-5%)). Interestingly, among the 5/15 lymph node
cases without significant CD10/ICOS/PD-1-positive
T cells, 2 were positive for both CD10 and ICOS, 2
were only positive for CD10 and 1 was only positive
for ICOS. In this last case, an abnormal T-cell profile
was observed as well as a monoclonal rearrangement
of T-cell receptor by PCR that confirmed the
presence of neoplastic T cells. The two cases, which
were positive for both CD10 and ICOS but without
CD10/ICOS/PD-1 coexpressing T cells, presented an
aberrant T-cell profile with lack of surface CD3
expression and/or monoclonal rearrangement of T-
cell receptor.

ICOS and PD-1 expression in peripheral blood
Among the 13 peripheral blood analyzed for the
ICOS expression, 6/13 (47%) cases were considered

positive with a cutoff of 5% (median MFI=64
(range 40-830), ratio=3.11 (range 1.67—16.70)),
whereas no cases of the control group expressed
ICOS (in all cases: ICOS expression <5% (range
0-1.5%); median of MFI=33 (range 13-52),
ratio=0.90 (range 0.90-2.6); P<0.05; Figures 1 and
2 and Table 2).

Using a cutoff of 20%, 12/13 (92%) angioimmu-
noblastic T-cell lymphoma cases were PD-1 positive
(median of MFI=2666 (range 607—6660),
ratio=2.68 (range 0.86-3.74)), whereas 11/15
(73%) control cases were positive for PD-1 (median
of MFI=760 (range 124-3578), ratio=0.63 (range
0.08-1.45)). A cutoff of 40% was also tested but was
not discriminative (data not shown).

Interestingly, among the three CD10-negative
peripheral blood cases, one was ICOS positive
(>5% of CD4 T cells MFI=40, ratio=5) whereas
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Figure 1 Continued.

all T-cell markers were normally expressed. All
three cases were PD-1 positive (>20% of CD4 T
cells, MFI = 1956, ratio=1.57).

In the 13 peripheral blood cases, 3 cases presented
a subset of CD4-positive T cells (>5% of CD4 T
cells), which coexpressed the three markers CD10/
ICOS/PD-1 (Figure 3b), whereas no CD4/CD10/
ICOS/PD-1-positive T cells were identified in the
control group (0%). In the 10 cases without
significant CD10/ICOS/PD-1-positive T cells, 2 were
positive for both CD10 and ICOS, 2 were negative for
both, 5 were positive for CD10 and negative for ICOS
and 1 was negative for CD10 and positive for ICOS.

Eight pairs (lymph node and peripheral blood)
were studied at the same time. Only one case was
CD10 negative in both lymph node and peripheral
blood. In this case, ICOS was positive in lymph
node but negative in peripheral blood, whereas
circulating neoplastic T cells were confirmed by

-
PO PE-CyT-A

R

T-cell clone by PCR and abnormal T-cell profile (lack
of surface CD3 expression) by flow cytometry. Of the
eight cases, seven (87.5%) were CD10 positive for
both lymph node and peripheral blood. Among the 7
CD10-positive lymph node cases, 6/7 (85.7%) were
ICOS positive in lymph node, but only 2 of these 6
cases (33%) were ICOS positive in peripheral blood.

Moreover, in cases with neoplastic T cells in
particular defined by atypical T-cell profile such as
lack of surface CD3, multiparametric flow cytometry
allows to identify in lymph node and peripheral
blood specimens different subsets of tumoral T cells
based on CD10 and ICOS expression: one that
coexpressed the two markers (CD10/ICOS), one only
the CD10 and one only the ICOS protein. These
results suggest that the neoplastic T cells in
angioimmunoblastic T-cell lymphoma could be
composed of immunologically different cell popula-
tions and that the subset of CD10-positive T cells
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Table 2 CD10, ICOS and PD1 expression in AITL cases

Cases Sites CD10/CD4 ICOS/CD4 PD1/CD4 ICOS/PD1/
CD10/CD4 (%)
% MFI Ratio % MFI Ratio
2 LN Pos (25%) Pos (6%) 139 1.19 Neg (12%) 1521 1.01 1
PB Pos (5%) Pos (5%) 64 2.37 Pos (28%) 1202 1.33 <1
3 LN Pos (25%) Pos (20%) 225 4.50 Pos (77%) 3857 1.33 9
4 LN Pos (16%) Pos (42%) 484 3.20 Pos (69%) 16132 3.42 11
5 PB Pos (34%) Pos (20%) 143 3.17 Pos (74%) 6660 3.74 1
6 PB Pos (5%) Pos (39%) 830 16.6 Pos (63%) 4117 1.75 29
8 LN Pos (58%)? Pos (38%)? 704 4.11 Pos (95%)? 9764 2.71 54
PB Pos (47%)? Neg (1%)* 53 1.00 Pos (97%)? 6577 3.71 1
9 LN Pos (16%) Pos (15%) 164 2.07 Pos (73%) 4505 1.56 5
PB Pos (17%) Neg (0%) 58 0.87 Neg (19%) 1361 1.03 1
12 LN Pos (23%) Pos (21%) 202 3.01 Pos (61%) 6723 2.43 1
PB Pos (20%) Neg (1%) 68 1.17 Pos (45%) 2342 2.43 1
13 PB Pos (9%) Pos (6%) 60 1.67 Pos (56%) 2201 3.05 5
14 LN Pos (40%) Pos (33%) 273 6.82 Pos (77%) 10098 2.39 28
PB Pos (5%) Neg (1%) 36 0.70 Pos (20%) 607 0.86 <1
15 PB Neg Pos (6%) 40 5.00 Pos (34%) 1956 1.57 1
16 PB Neg Neg (0%) 28 0.62 Pos (25%) 759 0.86 <1
18 LN Neg Pos (24%) 159 3.53 Pos (81%) 5744 1.33 2
PB Neg Neg (1%) 29 1.45 Pos (82%) 3045 2.68 0
19 LN Pos (14%) Pos (20%) 164 3.09 Pos (72%) 5270 1.89 2
20 LN Pos (74%) Pos (8%) 82 2.50 Pos (32%) 5413 3.5 6
21 LN Pos (33%) Neg (3%) 96 3.55 Pos (40%) 4201 3.14 3
PB Pos (5%) Neg (1%) 34 3.77 Pos (56%) 2666 3.37 0
23 LN Pos (5%) Pos (20%) 208 2.93 Pos (63%) 8611 5.77 9
PB Pos (5%) Pos (20%) 161 2.92 Pos (72%) 5520 3.54 2
24 LN Pos (13%) Neg (2%) 83 0.79 Pos (48%) 21595 3.06 2
25 LN Pos (35%) Pos (26%) 515 4.64 Pos (54%) 7394 2.06 31
27 LN Pos (48%) Pos (20%) 161 3.09 Pos (90%) 28942 6.28 16

Sites, sites where flow analysis was realized; LN, lymph node; PB, peripheral blood; MFI, mean fluorescence intensity; ratio, MFI of CD4/MFI of

control.
4CD4-negative case.

display a greater propensity to circulate than the
subset of ICOS-positive T cells.

Relationship of the ICOS expression and clinicobio-
logical data

ICOS expression by neoplastic T cells was not
correlated with hypergammaglobulinemia or hypo-
gammaglobulinemia, or with the presence of a B-cell
clone or plasma cells or T/B-cell ratio in lymph
nodes and the histological pattern.

Discussion

The diagnosis of angioimmunoblastic T-cell lym-
phoma by flow cytometry in lymph node or blood
relies on the detection of CD10 expression by CD4-
positive T cells, with or without an abnormal
expression of pan-T-cell markers. The CD10/CD4-
positive subset, often minor, may be lacking, or too
small to be considered as significant. Thus, the need
of additional criteria explains the search of other
molecules specifically expressed by Ty cells that
angioimmunoblastic T-cell lymphoma derives from.

As previously reported by immunohistochemis-
try,’®"” the majority of our angioimmunoblastic
T-cell lymphoma cases analyzed in lymph node
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suspensions expressed ICOS protein (13/15 (87%)),
in contrast to the reactive lymph nodes (0/10),
which confirms its relevance to angioimmunoblastic
T-cell lymphoma diagnosis, or broader to peripheral
T-cell lymphoma with a Tyy-like profile. In our
lymph node series, the frequency of CD10 and ICOS
expression was quite similar (88 and 83%, respec-
tively). PD-1 expression by flow cannot be used
alone as a marker of malignancy as it was expressed
not only in the majority of angioimmunoblastic
T-cell lymphoma cases (14/15 (93%)), but also in
reactive hyperplasia (6/10 (60%)). Other studies
have shown similar results and, furthermore, PD-1
has been identified in other T-cell or B-cell lympho-
mas, pointing that it does not constitute a specific
marker for angioimmunoblastic T-cell lymphoma.*®
These results confirmed the superiority of ICOS
expression to PD-1 in angioimmunoblastic T-cell
lymphoma diagnosis in lymph node and showed its
easy detection by flow cytometry. If several angioim-
munoblastic T-cell lymphoma cases were ICOS
negative, its positivity in CD10-negative case is an
interesting feature, leading to propose ICOS as an
additional marker in angioimmunoblastic T-cell
lymphoma diagnosis by flow that could be included
in a multiparametric flow cytometry staining
beside CD10.
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Figure 2 Median of fluorescence of ICOS (MFI) and ratio of MFI
(RFI). The horizontal lines indicate the median of ICOS MFI and
ratio of MFI. The ICOS MFTI and the ratio of MFTI are significantly
higher in angioimmunoblastic T-cell lymphoma cases than in
control group in lymph node suspensions as well as in peripheral
blood. (a) ICOS MFTI in lymph node samples (164 vs 46), (b) ratio
of MFI in lymph node samples (3.15 vs 1.14), (c) ICOS MFI in
peripheral blood samples (64 vs 33) and (d) ratio of MFI in
peripheral blood samples (3.11 vs 0.90). Mann—Whitney U-test:
*P<0.0001; **P<0.001.

In keeping with our previous data and the
literature,*”*® the blood dissemination in angioim-
munoblastic T-cell lymphoma has been once again
proven, as in all cases analyzed, blood smear
analysis was very suggestive of circulating neoplas-
tic T cells confirmed by monoclonal rearrangement
of T-cell receptor by PCR and/or atypical T-cell
phenotype, and more specifically by CD10 expres-
sion in most cases (12/15 (80%)). In this peripheral
blood series, the ICOS expression by flow appears
less frequent than the CD10 expression, as it was
observed in 6/13 cases (47%). Nevertheless, its
expression appears very specific of angioimmuno-
blastic T-cell lymphoma (or broader Tyy-derived
lymphomas) as no circulating ICOS-positive T cells
(>5% of CD4-positive T cells) were identified in
peripheral blood of healthy donors in our series and
literature.”"” Interestingly, one case among the three
CD10-negative cases was positive for ICOS. As
shown in lymph node cases, the PD-1 expression
alone was not specific in peripheral blood, as it was
expressed by both angioimmunoblastic T-cell lym-
phoma and control peripheral blood.

The multiparametric flow cytometry methodology
with appropriate gating is a very sensitive and
specific approach that allows the detection of small
cell populations characterized by specific coexpres-
sion of markers. This approach has been frequently
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Figure 3 CD10/CD10/PD-1 coexpression by neoplastic T cells. A
three-dimensional graph (tomogram) obtained by the software
RXP (Beckman-Coulter) allows to identify easily a subset of
neoplastic T cells that coexpress the three markers ICOS, PD-1
and CD10 in lymph node suspension (a, case no. 12) and in
peripheral blood (b, case no. 4).

applied in the detection of minimal residual disease
in different hematopoietic diseases.”*** Thus, the
use of an eight-color staining including the marker
of malignancy (CD10) with markers of the cell origin
(Tew markers: PD-1 and ICOS) and pan-T-cell
markers CD4/CD8/CD3/CD5 allows to identify a
small subset of neoplastic T cells that coexpressed
the three markers (CD10/ICOS/PD-1) in 10/15 lymph
node cases and 3/13 peripheral blood cases. Inter-
estingly, in one case, despite CD10 negativity (<5%
of T cells), a very minor subset (representing 2% of
the CD4-positive T cells) that coexpressed the three
markers (CD10/ICOS/PD-1) was identified in lymph
node (Figure 3a). The presence of tumoral cells in
this last case was confirmed by the detection of
monoclonal rearrangement of T-cell receptor by PCR
and an abnormal T-cell phenotype. These findings
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suggest that the significant level of tumoral cells
may be decreased below 5% when at least ICOS and
CD10 are coexpressed by T cells. Furthermore, in
our lymph node series, when the presence of
neoplastic T cells was demonstrated by an atypical
T-cell profile such as lack of surface CD3, this
sensitive approach suggests that neoplastic T cells
could be composed of distinct immunological
subsets: CD10 positive, ICOS positive, CD10/ICOS
positive and CD10/ICOS negative. In addition,
among the six ICOS/CD10-positive lymph node
cases, only two cases were ICOS/CD10 positive in
peripheral blood. The four other cases were CD10
positive but ICOS negative. In the same way, the
case that was CD10 negative in lymph node and
peripheral blood was ICOS positive in lymph node
but ICOS negative in peripheral blood, although
circulating neoplastic T cells were confirmed by
monoclonal T cells by PCR and atypical phenotype
of T cell (lack of surface CD3). These results
highlight that the circulating population of neoplas-
tic T cells consists more frequently in the CD10-
positive subset than in the ICOS-positive subset and
emphasize that if ICOS could be a suitable angioim-
munoblastic T-cell lymphoma marker in lymph
node by immunohistochemistry and flow, it appears
less contributive to detect circulating neoplastic T
cells when used alone and must be integrated in a
multiparametric staining. The true usefulness for
PD-1 in the multiparametric approach could be
questioned, as the relevance of the coexpression of
CD10/ICOS with an appropriate gating appears
similar to this of CD10/ICOS/PD-1 in all cases but
one (case no. 18).

Finally, the Ty cells are believed to positively
regulate B-cell differentiation and humoral immune
responses during the germinal center reaction. This
primary function results in increased levels of
CD40L, ICOS and IL-10 (see refs. 24 and 25), and a
high expression of ICOS probably defines the Ty
cells able to induce immunoglobulin secretion by B
cells.?®*” Thus, ICOS expression could contribute to
the pathogenesis of angioimmunoblastic T-cell lym-
phoma, and in particular to hypergammaglobuline-
mia. However, in our series, no relationship between
ICOS expression and clinical presentation was
observed; in particular, cases without ICOS
expression did not present uncommon features.
However, this observation needs to be confirmed
in larger series.

In conclusion, the detection of ICOS-positive T
cells in lymph node suspension as well as in
peripheral blood constitutes an additional feature
for the diagnosis of angioimmunoblastic T-cell
lymphoma. However, in peripheral blood, ICOS
expression alone appears less sensitive than CD10
expression for the detection of circulating neoplastic
T cells. These preliminary results substantiate the
multiparametric flow analysis with appropriate
gating and at least the two markers, CD10/ICOS, as
a powerful approach for the identification of

MODERN PATHOLOGY (2011) 24, 993-1003

neoplastic T cells in lymph node as well as in
peripheral blood that could be very contributive to
angioimmunoblastic T-cell lymphoma diagnosis in
association with clinical and morphological data.
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