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T- and NK-cell lymphomas

• Unfrequent (West), but with geographic
variation

• Recently recognized (Kiel, REAL, WHO)

• Morphologic heterogeneity which may not 
correlate with clinical behaviour

• Several clinicopathologic entities (WHO):
- T- and NK-cell proliferations
- 1/3 = extranodal sites
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Peripheral T (NK)-cell lymphomas
- genetics -

• Anaplastic (ALK+) t(2;5) ou t(2;?) <-------> ALK(2p23)

• PTCL-U (« nodular ») t(5;9)(q33;q22) <----> ITK-SYK

• Angio-immunoblastic ? trisomy 3, trisomy 5 (?)

• NK/T, nasal-type del(6)(q21-q25) (?)

• Enteropathy-type +9q (9q33) (?), trisomy 1

• Hepatosplenic iso 7q (?)



Microenvironment and lymphomas

? In T-cell lymphomas?



T- and NK-cell lymphomas

Leukemic/diss. nodal extra-nodal
prolymphocytic angioimmunoblastic extranodal NK/T nasal-type

T-LGL leukemia peripheral, unsp. enteropathy-type

Indolent NK LPD ALCL, ALK - hepatosplenic ( gdgdgdgd) 

Aggressive NK ALCL, ALK +

ATL/L (HTLV-1) mycosis

Systemic EBV+ LPD Sezary

Hydroa vaccineforme-like primary cut. CD30+ LPD

subcutaneous panniculitis-like

primary cut. gdgdgdgd

primary cut aggressive CD8+

primary cut small/medium CD4+

Updated WHO classification (2008) 



T- and NK-cell lymphomas

Leukemic/diss. nodal extra-nodal
prolymphocytic angioimmunoblastic extranodal NK/T nasal-type

T-LGL leukemia peripheral, nos enteropathy-type

Indolent NK LPD (lymphoepithelioid…) hepatosplenic ( gdgdgdgd) 

Aggressive NK ALCL, ALK -

ATL/L (HTLV-1) ALCL, ALK + (LH) mycosis

Systemic EBV+ LPD Sezary syndrome 

Hydroa vaccineforme-like primary cut. CD30+ LPD

subcutaneous panniculitis-like

primary cut. gdgdgdgd

primary cut aggressive CD8+

primary cut small/medium CD4+

Updated WHO classification (2008) 



• One of the most frequent PTCL, with

geographical variation

• Described as a “dysimmune” non 

neoplastic condition 

• Unique clinical features

• Immunologic abnormalities

• Peculiar pathological aspects

Angioimmunoblastic T-cell lymphoma (AITL):  
a peculiar T-cell lymphoma entity



ANGIOIMMUNOBLASTIC T-CELL LYMPHOMAThe paradigm of 
angioimmunoblastic T-cell lymphoma



• Is there a premalignant stage….or is it a 
malignant disease?

• What is the cell of origin and does the cell
of origin impacts the clinicopathologic
features of the disease?

• What is the role/importance of the 
microenvironment and how does it
contribute to the course of the disease? 

• What are the molecular alterations
targeting T cells?

��� � Diagnostic & therapeutic implications?

What is the scenario of AITL?



M Brüggemann et al. Leukemia, 2007

(°) incl. oligoclonality
(> 3 clonal TCR gggg signals) 
in 9/37 (34%) AITL 

In our experience (based on TCR gggg and IGH FR2 PCR analysis with DGGE & genscan):
- 70/80 (88%) showed clonal TCR gggg R, incl an oligoclonal pattern in 19/80 (23%) ;
- 10/80 (12%) were polyclonal for TCR gggg
- 32/80 (40%) showed clonal IgH pattern 

MH Delfau-Larue et al. unpublished

(°)

T- and B-cell clonality in AITL samples



What is the cell of origin of AITL ?
What can we learn from the molecular signature?

AITL (n=18)
PTCL-U (n=16)

Affymetrix HG-U133 plus 2.0

L de Leval et al. Blood 2007

Principle 
Component 

Analysis (PCA)



• Cell to cell communication
– CD10, CD151, CD200, CD40L, MAL, PDCD1
– cadherins, integrins

• Vascular biology
– angiopoietin 2, VEGF, PGF, 
– thrombomodulin, alpha-2 antiplasmin
– THY1, selectin, VCAM, gap junctions proteins

• Humoral immune response
– B-cell transcription factor, Ig, syndecan, clusterin, complement

components
• Chemokines and cytokines

– CCL19, CCL22, CCL24, CCL26, CXCL13, CXCL14, IL4, LIF
• Extracellular matrix components, matrix modelling

– Laminin, fibronectin, ladinin, collagens, MMPs, TGFb, FGF, FOXF1
• Others

– NFATC1, PIM2, VAV2

Molecular signature of AITL: evidence
for an origin from TFH cells

Genes
reported to be
TFH-specific

L de Leval et al. Blood 2007



Follicular helper T cells (TFH)

(from Vinuesa et al. Nature Reviews Immunology, 2005)

Transcriptional signature of CD4 + CD57+

CXCR5+ tonsillar cells
(according to Kim CH et al. Blood (2004)104: 
1952 ; Chtanova T et al. J Immunol (2004)173: 
68; Chtanova T et al. J Immunol (2005) 175: 
7837)

CXCL13 ICOS



de Leval et al. Blood, 2007

� AITL signature is enriched in TFH genes

��������� �	�
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Angioimmunoblastic T-cell lymphoma:  
a lymphoma from follicular helper T cells (T FH)?

AITL PTCL-U

P Piccaluga et al. Cancer Research 2007



Several immunohistochemical studies have 
shown epression of Follicular helper T cells
(TFH) markers in AITL

• SAP (Roncador et al. Haematologica 2007)

• PD1 (Dorfman et al. AJSP 2006; Roncador et al. Haematologica 2007)

• CXCR5 (Krenacs et al. Blood 2006)

• CXCL13 (Grogg et al. Blood 2005; Dupuis et al. AJSP 2006;
Ortonne N et al. Am J Surg Pathol, 2007; Mourad N et al. Blood, 2008)

CD5/CXCL13 CD10/CXCL13



Diagnostic TFH markers useful in routine 
practice for the diagnosis of AITL

PD1 is expressed
in 85 – 95% of AITL

Dorfman DH et al. Am J Surg Pathol, 2006
Roncador G et al. Haematologica, 2007

PD1

PD1 and CXCL13 are expressed in 85-100% of AITL

CXCL13ICOS

ICOS is also expressed in 35/37 AITL (T Marafioti et al. unpublished)

(T Marafioti et al. unpublished)



• diffuse polymorphous infiltrate
- variable proportion of atypical T cells
(medium-sized, clear cytoplasm) 
- small lymphocytes, histiocytes, 
epithelioid cells, immunoblasts,
eosinophils, plasma cells ; 

• perivascular proliferation of FDCs

• large B blasts often EBV+

• prominent arborizing blood vessels

��� � crosstalk between different cell
types (T, B, FDC,…)

AITL : a tumor of T FH origin,
reflected in its pathological aspects

CD20/CD10



AITL : a tumor of T FH origin,
reflected in its pathological aspects

EBVCD20 CD23

CD2CD3 CD10



« Nodular » growth pattern & AITL

FDC/CD23

CD10

PD1



AILT with hyperplastic germinal centers (pattern I)

CD10

CD3CD20

In a retrospective study of consecutive biopsies, 7/35 cases (20%)
showed progression from pattern I to pattern II/III (typica l AITL)

(Attygale et al. AJSP, 2007)

A 84 yo woman, B symptoms, multiple ADP, Hem anemia ( Coombs +) 



AITL : a tumor of T FH origin, with capacity
to spread out of the GC and in extranodal sites

PD1



AITL : a tumor of T FH origin, with capacity
to spread out of the GC and in extranodal sites

PD1 PD1



AITL : a tumor of T FH origin, with capacity
to spread out of the GC and in extranodal sites

• In many AITL, careful examination of peripheral blood
smears can detect a minority of atypical lymphocytes 
(L Baseggio et al. Leukemia 2006)

• By flow cytometry of PB : 
- a fraction of T cells express CD10 antigen
(11/12 according to Baseggio; 11/22 according to 
our experience)
- abnormal T-cell phenotype appears also
frequent (incl downregulation of sCD3)

CD4+ CD10+ (CD3-)

Adapted from Baseggio et al. Leukemia 2006

Courtesy, Dr A Plonquet



AITL: importance of the microenvironment

Comparison of AITL tumor cells (n=2; > 80% tumor cells) and 
tissue samples (n= 17) signatures (442 genes of the AITL signature)

- tumor cells signature (46 genes )
- microenvironment signature (396 genes)

L de Leval et al. Blood 2007
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B cells and AITL
Presence of B-blasts – often EBV-infected – is a almost constant finding in AITL
these B-blasts can have an atypical, sometimes RS-likemorphology

CD20 EBI3

CD15 CD30

EBER



AITL, clonal expansion of B cells & EBV

From Attygale et al. AJSP, 2007

• clonal/oligoclonal expansion of B cells in 20-35% of AITLs
• expansion of EBV-infected B-blasts with a restricted repertoire
• the EBV+ cells carry hypermutated Ig genes with destructive 
mutations, indicating alternative pathways for their survival 
(Brauninger A et al. J Exp Med, 2001)

• AITL patients may develop an EBV-associated B-cell 
lymphoproliferative disorder (often DLBCL)



- A 75-year-old woman, skin eruptive lesions with B symptoms (severe asthenia, weight loss)
- Multiple adenopathies, splenomegaly, hepatomegaly and multiple nodules in both lungs  
- LDH level = x1.5N 

CD20PD1

CD20/EBER



• EBV genome is found in almost all cases 
of AITL (EBER ISH) and HHV6B DNA in 
around 50% of cases (Zhou et al. 2008)

• Both viruses are lymphotropic and 
oncogenic

• They do not seem to play a direct role as 
both viruses most likely do not infect 
neoplastic T cells [EBV-> B cell, HHV6-> 
FDC (?)]

• Each virus comprise genes encoding viral 
homologues of human cytokines (ex: v-
IL10…) and chemokines

Viruses and AITL

Bam 
W

TR

ctl 1   2   3    4    5   6   7    8    9

AITL



• Both quantitative and qualitative 
perturbations of T-cell subsets

• CD4 T cell count < 500 x109/L in 
the PB of AITL patients, at
diagnosis is a frequent feature
(11/22 in our series) 

• High incidence of infectious
complications 

• TFH cells are unique regulatory cells
that also suppress conventional T 
cells in the GC environment (Marinova
E et al. J Immunol 2007)

Immune deregulation & AITL ?

CD8



EBV

Oncogenic
event(s)?

Altered
immune 

surveillance

CXCL13 IL21

HEV

VEGFa

AITL

EBV+ LPD (DLBCL) EBV- DLBCL)

AITL/PTCL-u
microenvironment

LT LT

ICOSL-ICOS
TFH

Th17

Th1

IL-10, TGFb

? ?

(°) Marinova E et al. J Immunol 2007



Clinical & biological syndrome in AITL: 
evidence for the role of the microenvironment

• median age: 62 y
• B symptoms : 72 %
• Stage III - IV disease : 81%
• BM involvement : 47%
• splenomegaly : 55% 

hepatomegaly : 31%
• Skin rash : 44%
• Tumoral mass >10 cm : 26%
• IPI score > 2 : 89%

• Anemia (Hb<12 g/dl) : 65%
• Coombs’ test + : 33%
• Gammaglobulin (>12g/L): 50%
• Monoclonal gammopathy : 15%
• Hypoalbulinemia : 50%
• B2 microglobulinemia >1N : 66%
• LDH >1N : 66% 

N Mourad et al. A GELA study, Blood 2008

• Median-follow-up = 69 months
• 5 year OS = 33%

Anthracyclin-based chemotherapy: 148 pts

157 pts, GELA



• No recurrent translocation; most recurrent clonal aberrations are 
trisomies 3, 5, 21, gains of 8, 9, 19, X and loss of 6q 

• Cytokines – chemokines interactions

• Implication of VEGF-VEGFR pathway ?

• Role of c-maf ? 
- c-maf is overexpressed in AITL, 
- c-maf transgenic mice develop a T-NHL) 
(Morito N et al. Cancer Res 2006; Murakami YI et al. AJSP 2007)

• Role of SYK ? 
- SYK tyrosine kinase is overexpressed in AITL 
independently of SYK translocation 
(Feldman AL et al. Leukemia 2008) 

• Sanroque mice model (Vinuesa C et al. Nature 2005)

Why TFH cells are likely to be (frequent) targets
of transforming events ? 

What are the molecular alterations in AITL ?

c-maf

courtesy, T Marafioti



AITL: a tumour of TFH cells with diagnostic 
& clinical implications ?

• Diagnostic (T FH) biomarkers

• Need to revisit the spectrum of the disease

• Toward « specific » targeted therapies?

- anti-angiogenic therapies

(thalidomide, anti-VEGF/Bevacizumab)

- Kinase inhibitors (?) 

°PDFGF-R

°SYK

- therapies targeting TFH antigens (?)

- therapies targeting B-blasts (EBV+)

(R-CHOP)

PDGFRa

PP Piccaluga et al. 2007

VEGFa



AITL : MORPHOLOGIC VARIANTS 

clear cell
rich variant

epitheliod cell
rich variant

With follic.
hyperplasia
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Common-type

large cell rich

MORPHOLOGICAL SPECTRUM OF AITL 

(N Mourad et al. Blood 2008
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L de Leval et al. Blood 2007

EBV+ large cells
And/or
Focal FDC expansion



BCA-1=CXCL13

CXCR5

CXCL13

Bcl6

Il6R

IL21

CD84

CD40L

CD200/OX2

ICOS

PD1

TFH

centroblastes

centrocytes

Rodriguez SC et al. AJSP, 2008

AITL

Other PTCL?
(PTCL-F)
(PTCL-u expressing
TFH antigens)

Follicular helper T cells (TFH)AITL : need to revisit its morphological
spectrum



CD3

CD57#7: CD3+/CD4+/CD10+/CD57+/CXCL13+/PD1+/LMP+ B-immunoblasts

� �!" &��� %�����#��� ���&�� 	���
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Pt 23: t(5;9) positive

B Steubel, A Chott



1998:
• 62 y old man
• B symptoms
• Cervical ADP
• Skin rash
• Hypergglob, Coombs test+

1998

2006

2007

� �!" &��� %�����#��� ���&�� 	���
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PD1

PD1

PD1M Qubaja et al. Hum Pathol 2008



An example of PTCL-u with TFH phenotype

CD3 CD10

CD20

EBER

CXCL13

CD20



TFH

GERMINAL
CENTER

AITL
CD4+ CXCL13+

CD30-

CD30+

PTCL-NOS
CD4+ > CD8+

ALCL
Null > CD4+ > CD8+

cytotoxic

ALK- ALK+

PTCL with follicular/parafollicular
pattern

+/- t(5;9)(q33;q22): SYK-ITK

Overall, many PTCLs – incl AITL and a significative 
proportion of PTCL-u - appear to derive from TFH cells:
-> diagnostic relevance and implication for therapy ?

?

Toward a better definition of nodal PTCLs…?

?



- Conclusion -

• The microenvironment in AITL represents
the bulk of the tumor lesion:
- AITL is a clonal T-cell neoplasm derived
from TFH cells, a cell origin which explain
several of its clinicopathological & biological
aspects;
- the diagnostic criteria as well as the 
spectrum of AITL need to be revisited in the 
light of the novel diagnostic markers (incl. 
TFH markers), 
- Most manifestations in AITL appear to 
reflect a deregulated immune response 
rather than direct complications of tumor 
burdden,
- AITL is a lymphoma with a poor outcome 
and resistance to therapy in which novel 
therapies targeting the microenvironment 
and/or TFH cells are needed

CD10 ICOS

CD10/CNA-42
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