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Prevlous studles have shown that hlgh levels of MMP-9 can be 
detected  ln  the  serum  of  patients   wlth  varlous  lymphold 
mallgnancles and ln leukemlanymphoma culture supernatants. 
lndeed, aggresslve forms of lymphoma constltutlvely produce 
MMP-9 and lts  elevated  levels  ln  the  serum  or  ln  tissues 
correlate  wlth advanced stage  and poor  patient  survlval.  ln 
vitro, MMP-9, whlch ls also produced by the host perltumoral 
cells ln response to the presence of tumors,plays an Important 
role  ln migration  of  tumor  cells  through  artlflclal  basement 
membranes or endothelial cens. ln this  study, uslng  MMP-9· 
deficient  mlce, we  show  that  absence  of  MMP-9 does  not 
prevent the development of prlmary  T-cell leukemla. Further­ 
more,  MMP-9-deflclent cell  Unes retalned  thelr  tumorlgenlc 
potentlal, as shown by thelr ablllty to lnduce thymie lymphoma 
ln young syngenelc wlld-type animais.ln  addition, these MMP- 
9-deflclent tumor cells dlssemlnate ln normalmlce,or mlce that 
are deficient  for  MMP-9, lndlcatlng that  tumor  growth  and 
dissemination  can occur  ln  total absence  of  MMP-9. These 
results show for the flrst tlme than lymphoma growth can occur 
ln totalabsence of MMP-9 and have consequences for therapy 
of Invasive cancers wlth lnhlbltors of MMPs. 
Leukemisadvance online publication, 6 September 2007; 
doi:10.1038/sj.leu.2404936 
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Introduction 

 
Matrix  metalloproteinases (MMPs) have  been  recognized  as 

extracellular enzymes that faveur the development of cancer by 

enhancing escape of individual  tumor  cells  from the primary 

tumor and the growth of metastasis.1 3 For these reasons, severa! 

strategies have been developed to inhibit  their  expression or 

enzymatic activity in different types of cancer.
4  

The failure of 

these strategies have often been attributed to the complexity  of 

MMP expression pattern since in many types of cancer, MMPs 

are expressed by bath the cancer cells and cells from the host.   
7

 

ln vitro  and in vivo studies have reported that an elevated 

expression  of  MMP-9   correlates  with   clinically  aggressive 

tumors,    including    high-grade   non-Hodgkin's    lymphomas 

T-leukemic cells derived from adult T-cell leukemia patients, 
10 11 

suggesting that overexpression of MMP-9  in HTLV-1- infected 

T-leukemic cells or lymphoma cells is responsible for the 

invasiveness of these cells in peripheral organs. These observa­ 

tions in the human are correlated with  results obtained in 

experimental mouse  models.  For  instance, abnormally  high 

levels of MMP-9 have been found in radiation-induced thymie 

lymphomas and in the serum of T lymphoma-bearing  mice.12
 

Moreover, overexpression of MMP-9  in T-lrmphoma  cells 

accelerates the growth  of  thymic  lymphoma1     and treatment 
with gelatinase inhibitors has been found to significantly reduce 
the number and the growth rate of experimental metastases 

induced by injection  of T-lymphoma cells into normal mice.
14

 

Nevertheless, clinical  trials  with  MMP  inhibitors  have been 

frustratingly  negative, because of  their  unselectivity  and the 

ignorance of the complete biology  of any MMP member. ln 

addition, whether lymphoma growth or disseminatibn can occur 

in total absence of MMP-9 remains untested to date. 
 

 
Materials and methods 
 
Animais 
Male and female MMP-9-deficient, in which the exons and 

corresponding introns 3-7  and about half of exon 8 (2067 bp 

total) were deleted and replaced by the neomycine resistance 

gene (neo;  1840 bp),15   were  backcrossed for  at  least eight 

generations into a C57BU6 background, and wild-type C57BU6 

were bred in our animal facility and maintained under specifie 

pathogen-free  conditions   in   accordance   with   institutional 

guidelines. Ali animal studies were approved by the lnstitutional 

Animal Care and Use Committee. 
 

 
Radiation-induced  T-thymic  lymphoma 
For thymie lymphoma induction, 4- to 8-week-old normal and 

MMP-9-deficient C57BU6 mice received a whole-body leuke­ 

mogenic X-ray treatment of 4 x 175 rad at a rate of 25 rad min-
1 

at  weekly  intervals. When  moribund,  mice  were killed  and 

thymie  lymphoma  was confirmed  at necropsy as previously 
16

 

(NHL).8 9   NHL  patients with  high  levels  of  MMP-9  in  their 
tissues have a significantly worse prognosis than patients who 

do not  express MMP-9.9  MMP-9  expression is also markedly 

increased  in  high-grade  Burkitt's  cell  lines  and  in  primary 
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described. 
 

 
Culture of cel/  /ines and reagents 
The mouse T-lymphoma cellline 164T2 was established in our 

laboratory from radiation-induced primary T-cell lymphomas in 

C57BU6.17   Flow cytometric  analysis of these cells, as  ell as 

those of the 511 variant, showed thalbath celis express LFA-1, 

CD31, CD62L, CD90, ICAM-1, ICAM-2, but not cx4p1. They ali 

express CD3t: and the TcRcxp, as weil as the gp70 and the TL 

antigen.
18  

Ali  cells  were maintained  in RPMI-1640 complete 
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