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Nodal peripheral T-cell lymphomas
correspond to distinct mature T-cell
populations

Peripheral T-cell lymphomas
(PTCL) derive from mature T-
cells, but previous attempts to

correlate PTCL with normal T-cell
counterparts have not significantly con-
tributed to our understanding of their
biology.

Recently, reactive T-cells have been
shown to sequentially change their sur-
face molecule expression in response
to antigens. These are independent of
differentiation and apply equally to
TH1 and TH2 cells, CD4+ and CD8+ sub-
sets, and even to αβ and γδ T-cells.

Mature naïve T-cells continuously cir-
culate through the blood and lym-
phoid organs. They are directed by
lymphoid chemokines and the respec-
tive chemokine receptors expressed on
the T-cell surface. Naïve T-cells express
CD45RA, but not CD45R0.

The differentiation process depends
on the stimulation characteristics. If
stimulated with a sub-threshold amount
of antigen or in the absence of polariz-
ing cytokines, such as IL-4 or IL-12,
naïve T-cells proliferate and develop
into so-called central memory cells
(TCM). These antigen experienced
CD45RA–/CD45R0+ clonally expanded
memory cells continually express CD27
and CCR7, which enables them to traf-
fic to the T-cell areas of the lymph nodes
where they may be further stimulated
by professional antigen-presenting
cells.1 Following a secondary antigen
challenge, TCM can activate dendritic
cells, help antigen-specific B-cells, or
generate a new wave of effector cells.
Comparable to memory B-cells, these
TCM cells represent memory stem cells
that have the ability for both self-renew-
al and differentiation to effector cells.1

T-cells can differentiate directly to
effector cells, which later undergo
apoptosis or develop into effector
memory cells (TEM), when stimulated
via their T-cell receptors in the pres-
ence of appropriate co-stimulation. TEM

are characterized by a lack of CD27 and
CCR7 expression. Therefore, they do
not recirculate to the lymph nodes, but
exit the blood stream at sites of inflam-
mation.

We investigated the expression of the
antigen receptor and co-receptor mol-
ecules CD3, CD4, and CD8, and the dif-
ferentiation markers CD45RA, CD45-
R0, and CD27 using double and triple
immunofluorescence in combination
with antibodies against their respective
TCRVβ segment to detect the tumor
cells.2 In addition to CCR7, which has
been discussed above, we also investi-
gated the chemokine receptors,
CXCR3, and CCR4, which are related
to TH1 and TH2 differentiation, and
the activation-associated molecules,
CD28, CTLA-4, CD69, HLA-DR, FAS,
CD25, CD30, and BCL-2 using the
same method. Cytotoxic features were
assessed with antibodies against TIA-1,
Granzyme B, perforin, and FAS-ligand.
The same antigens were stained in 15
(10 ALK1+ and 5 ALK1–) ALCL.

The cluster analysis revealed three
distinct clusters and three unrelated
cases. Our previous data suggested that
the tumor cell phenotype may be
masked by reactive T-cells in most cas-
es of PTCL.3,4 Therefore, we examined
the surface molecule expression of the
neoplastic cells in double and triple
stained samples in order to identify the
tumor cells with antibodies directed
against the respective clonally rear-
ranged TCR’s Vβ segment.

All the AILT cases expressed CD4 to a
varying extent or were double negative
for both CD4 and CD8.4 The AILT cas-
es exhibited a homogeneous phenotype
with respect to their stage of differenti-
ation (CD45R0+/CD45RA–/CD27–) that
was characteristic of terminally differen-
tiated effector or effector-memory T-
cells. The absence of BCL-2 in these
tumors suggests that they represent an
effector population. AILT cases were
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consistently negative for the chemokine receptor
CCR7. CCR7– T-cells are unable to exit the blood
stream via high endothelial venules in the lymph
nodes due to the absence of CCR7, but do exit at
sites of inflamed peripheral tissues. Based on
cytokine receptor expression, AILT, which
expressed the chemokine receptor CXCR3, but
not CCR4, correlated with TH1 cells, which was
suggested previously in studies addressing
chemokine receptors and activation markers in
PTCL. Our investigations do not allow to specu-
late about a possible correlation of AILT to so-
called germinal center T-helper cells, although
these tumors are generally negative for CD574,
one of the defining markers of this T-cell popula-
tion.

All five CD4+ cases within PTCL-NOS clustered
together. They differed from AILT in the expres-
sion of CD27, suggesting a different developmen-
tal stage. These tumors also expressed CCR7 in
4 of the 5 cases and all were BCL-2 positive. This
suggests long-lived antigen-experienced T-cells
that are able to recirculate to lymph nodes, that
is TCM cells. Therefore, a group may emerge with-
in PTCL-NOS that is characterized by a homoge-
neous phenotype and corresponds to the TCM
subset of antigen-experienced T-cells.

Since six of the fifteen ALCL cases analyzed
expressed neither CD45RA nor CD45R0, which
is unusual for reactive T-cells, the assignment of
ALCL to distinct stages of development was more
difficult. However, ALCL cases probably corre-
late to antigen-experienced T-cells because nine
cases expressed the CD45R0 isoform (60%).
Their consistent negativity for CD27 and rare
expression of BCL-2 (20%) suggested an effector
population similar to the AILT cases. Interesting-
ly, activation markers were differentially express-
ed. Compared to the AILT cases, cytokine recep-
tor expression was more heterogeneous in the

ALCL cases. Most of the ALCL tumors (60%)
expressed CXCR3, three coexpressed CCR4, and
six showed no expression of either molecule.
ALCL lack TCRs and molecules of the TCR sig-
naling pathway, both proximally5 and distally.
Therefore, they cannot be activated via their TCR
complex. Future studies are needed to clarify
whether these tumors correspond to a distinct
stage of T-cell development or merely share a
lack of functional TCR signaling.

In summary, the differential expression of
CD45 isoforms and CD27 may define the differ-
entiation stage of tumor cells in PTCL. The
scheme derived from studies on reactive T-cells
seems applicable to PTCL. This scheme defines
AILT as tumors with a distinct differentiation
stage of effector CD4+ T-cells and separates them
from PTCL-NOS cases. Among the latter, a
homogeneous cluster was derived from antigen-
experienced CD4+ central memory T-cells.
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