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The tissue inhibitor of metalloproteinase-1 (TIMP-1) is a stromal factor that promotes plasmablastic
differentiation, and the survival of germinal center B-cells. The expression of TIMP-1 is known to be correlated
with a subset of non-Hodgkin lymphoma at the mRNA level, and Epstein–Barr virus infection in vitro. To
characterize TIMP-1(þ ) diffuse large B-cell lymphoma, TIMP-1 expression was investigated in tissue
microarrays from 182 cases of de novo diffuse large B-cell lymphoma and compared with prognostic factors,
immunophenotypes, and Epstein–Barr virus infection status. TIMP-1 was expressed not only in tumor cells
themselves, in 14 of 182 cases (8%), designated as TIMP-1(þ ) diffuse large B-cell lymphoma, but also in stromal
cells like fibroblasts and endothelial cells. In univariate analysis and hierarchical clustering, our findings
suggest that TIMP-1 expression may represent a distinct subgroup. In multivariate analysis, TIMP-1(þ ) diffuse
large B-cell lymphoma (n¼ 14) was associated with unfavorable outcomes compared to TIMP-1(�) diffuse large
B-cell lymphoma (n¼ 168) (odds ratio¼ 2.5, P¼ 0.049). Together with TIMP-1 expression, age (greater than 60
years), the presence of B-symptoms, abnormal lactate dehydrogenase level, or more advanced stage (III/IV) was
correlated with a poor overall survival. However, TIMP-1 expression in diffuse large B-cell lymphoma was not
correlated with other prognostic factors including: clinical stage, international prognostic index score, and
nongerminal center B-cell phenotype, as well as Epstein–Barr virus infection. Our results suggest that TIMP-1
expression may be an independent negative prognostic factor in patients with diffuse large B-cell lymphoma.
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The tissue inhibitor of metalloproteinase-1 (TIMP-1)
is a stromal factor with multiple functions that affect
cell survival and differentiation,1 as well as matrix
metalloproteinase (MMP) inhibition.2 TIMP-1 inhi-
bits germinal center B-cell apoptosis and promotes B
cell survival by upregulating BCL-XL and by activat-
ing the interleukins/signal transducer and activator
of transcription 3 (STAT3) signaling pathway. A
cDNA microarray analysis using TIMP-1 overex-
pressing Burkitt lymphoma (BL) cell lines revealed
that TIMP-1 promotes post-germinal center B-cell
differentiation by up-regulating MUM-1 and CD138
and down-regulating BCL6.3 TIMP-1 expression has

been reported in a subset of B-cell lymphoma at the
mRNA level4,5 and has been shown to be associated
with a poor clinical outcome in a variety of
carcinomas.6,7 Moreover, TIMP-1 overexpression
has been observed in Epstein–Barr virus (EBV)
positive lymphoma cell lines.8

Diffuse large B-cell lymphoma accounts for
30–40% of all new diagnoses of non-Hodgkin lym-
phoma.9,10 However, diffuse large B-cell lymphoma
is heterogeneous with regard to natural history,
clinicopathologic presentation, response to therapy,
and host immune function.11 Recent cDNA micro-
array studies have shown that diffuse large B-cell
lymphoma can be divided into four distinct sub-
groups including: germinal center B-cell-like,
activated B-cell-like, primary mediastinal, and
unclassified gene expression profiles.12–15 The acti-
vated B-cell and unclassified groups have a signi-
ficantly inferior clinical outcome compared to
the germinal center B-cell and primary mediastinal
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groups. The unclassified group is heterogeneous and
not well defined, but has a poor outcome similar to
that of the activated B-cell group.12–15 In addition,
although the clinical significance of EBV infection
in diffuse large B-cell lymphoma is controversial,
about 10% of diffuse large B-cell lymphoma is
known to be associated with EBV.16,17

However, TIMP-1 expression in diffuse large
B-cell lymphoma has not been investigated using
a large scale of clinical samples or at the protein
level. In addition, the association of TIMP-1 expres-
sion with other clinicopathologic factors or EBV
infection status has not been studied in vivo.
Thus, in order to further characterize TIMP-1(þ )
diffuse large B-cell lymphoma, we investigated the
relationship of TIMP-1 expression with other
clinical prognostic and immunophenotypic markers
and EBV infection using tissue microarray blocks
from 182 cases of de novo diffuse large B-cell
lymphoma.

Materials and methods

Patients

We retrospectively studied 182 de novo diffuse large
B-cell lymphoma cases at Korea University Hospi-
tals from 1994 to 2005. Cases with a history of AIDS,
receiving immunosuppressive therapy, or a pre-
ceding diagnosis of low-grade lymphoma were
excluded. All cases were reviewed to confirm the
diagnosis according to the criteria of the World
Health Organization (WHO) classification of lym-
phoid neoplasm.18 Each patient received an anthra-
cycline-containing chemotherapy regimen. No
patient received rituximab. The end point of clinical
follow-up was either the date of the last contact or
the date of death.

Tissue Microarray Construction

We reviewed all the hematoxylin and eosin-stained
sections from each paraffin-embedded, formalin-
fixed block to identify diagnostic areas. Two to four
representative 1mm cores were obtained from each
case and inserted in a grid pattern into a recipient
paraffin block using a tissue arrayer (Beecher
Instruments Inc., Sun Prairie, WI, USA).

Immunohistochemistry

Immunohistochemistry was performed using a
ChemMate EnVision Kit (Dako, Carpinteria, CA,
USA). Tissue sections were deparaffinized and
dehydrated. Sections in 1mM EDTA buffer (pH
8.0) were heated in a microwave or pressure cooker
for 2–10min. After incubation with 0.3% H2O2/
methanol for 20min, slides were stained with anti-
TIMP-1, CD10, BCL6, MUM-1, and CD138 antibo-
dies (Table 1). After incubation with secondary
antibody at room temperature for 30min, the
sections were developed with 3, 30-diaminobenzi-
dine, and counterstained with Harris hematoxylin.

EBER-In Situ Hybridization

EBER-in situ hybridization was carried out accord-
ing to the manufacturer’s protocol (Dako). The
sections were digested with 10 mg/ml of proteinase
K at 371C for 30min, washed in distilled water, and
then dehydrated in ethanol and air dried. Hybridi-
zation was carried out with a fluorescein-conjugated
EBER peptide nucleic acid (PNA) probe (Dako,
Carpinteria, CA, USA) in a humidified chamber at
551C for 90min and further incubated in a preheated
stringent washing solution for 25min. The sections
were treated with anti-FITC-alkaline phosphatase
conjugate at room temperature for 30min and
washed with Tris-buffered solution and distilled
water. The sections were then incubated with a
substrate solution of nitroblue tetrazolium, 5-bromo-
4-chloro-3-indolylphosphate, and levamisole for
60–90min. The slides were washed, stained with
nuclear fast red, and mounted.

Interpretation and Hierarchical Cluster Analysis of
Tissue Microarray Data

Each core was evaluated by visual estimation for
the percentage of positively stained tumor cells.
For each case, the core with the highest percentage
of tumor cells stained was used for analysis. Tumor
cells that showed distinct nuclear or cytoplasmic
staining were considered positive. Cases were
considered positive if 30% or more of the tumor
cells were stained with an antibody other than anti-
TIMP-1 antibody. Based on previous immunohisto-

Table 1 Antibodies used for immunohistochemistry

Antibody Clone Source Antigen retrieval Dilution

CD10 56C6 Novocastra, UK EDTA mw 10 1:50
BCL6 PG-B6p Dako, Denmark EDTA mw 10 1:10
MUM1 MUM1p Dako, Denmark EDTA mw 10 1:25
CD138 MI15 Dako, Denmark EDTA pc 10 1:50
TIMP-1 102D1 Lab vision, CA, USA EDTA pc 2 1:50

EDTA mw or pc 10 indicates pretreatment in a microwave oven or pressure cooker with EDTA (1mM, pH 8.0) for 10min.
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chemical studies,19–22 we chose a uniform cutoff of
30%. However, for TIMP-1, a cutoff of greater than
20% was used because its secretory properties and
low level of expression within cells.23 The intensity
of staining was also evaluated, but was not used
to determine positivity because the variability in
tissue fixation and processing appeared to affect the
intensity of staining. Therefore, results of immuno-
staining and EBER-in situ hybridization were graded
on a four-tiered scale (strong positive: if 50% or
more of the tumor cells were stained; weak positive:
30–49%; equivocal: 5–29%; negative: less than 5%).
Immunostaining results of TIMP-1 were also graded
as follows (strong positive: 30% or more; weak
positive: 20–29%; equivocal: 5–19%; negative: less
than 5%).

Each subtype of diffuse large B-cell lymphoma
was determined by immunoperoxidase results for
CD10, BCL6, and MUM-1.24 Although four subtypes
of diffuse large B-cell lymphoma were classified by
cDNA microarray, the unclassified group was found
to be heterogeneous and behaved in a manner
similar to the activated B-cell group and the primary
mediastinal group was found to characteristically
develop from the mediastinum and was associated
with a favorable prognosis.13,14 Therefore, we classi-
fied diffuse large B-cell lymphoma cases into two
groups: germinal center B-cell or nongerminal center
B-cell group. The tissue microarray classification
predicts survival similar to the cDNA microarray
analysis.24 Cases were assigned to the germinal
center B-cell group if CD10 alone was positive or
if both CD10 and BCL6 were positive. Since the
immunostaining of MUM-1 had a tendency to be
overstained, cases were assigned to the germinal
center B-cell group if both CD10 and MUM1 were
positive or if all three markers including CD10,
BCL6, and MUM1 were positive.24 If both CD10
and BCL6 were negative, the case was assigned to
the nongerminal center B-cell subgroup. If CD10 was
negative and BCL6 was positive, the expression
of MUM-1 determined the group: if MUM-1 was
negative, the case was assigned to the germinal
center B-cell group; if MUM-1 was positive, the
case was assigned to the nongerminal center B-cell
group.

For hierarchical clustering, immunostaining
results were recorded in an Excel workbook and
reformatted with Tissue Microarray-Deconvoluter
version 1.06.25 Unsupervised hierarchical clustering
analysis, with an average linkage algorithm, was
performed using Cluster software, and the clustered
output was viewed using TreeView, which graphi-
cally displays relatedness in both dimensions as a
dendrogram.26

Statistical Analysis

Chi-square or Fisher exact tests were used to test the
strength of the association between clinicopatho-

logic parameters and TIMP-1 expression. Univariate
and multivariate survival analyses were performed
with the Kaplan–Meier method with log-rank tests
and the Cox proportional hazard model, respec-
tively. A P-value less than 0.05 was regarded as
significant. Statistical analyses were carried out
with the SPSS software package (version 10, SPSS
Inc., Chicago, IL, USA).

Results

Clinical Characteristics of TIMP-1(þ ) Diffuse Large
B-Cell Lymphomas

Comparison of clinical characteristics between
TIMP-1(þ ) and TIMP-1(�) diffuse large B-cell
lymphoma cases are shown in Table 2. The patients
in our study were 115 men and 67 women with a
median age of 59 years, ranging from 14 to 84 years.
TIMP-1 was expressed in lymphoma cells them-
selves in 14 of 182 cases (8%). TIMP-1 expression
was graded as strong positive, weak positive,
equivocal, and negative, but all TIMP-1(þ ) cases
were scored as strong positive. The patients with
TIMP-1 expression were 10 men and four women
with a median age of 61 years, ranging from 40 to
74 years. Eight patients were older than 60 years.
None of the patients with TIMP-1(þ ) diffuse large
B-cell lymphoma showed a significant association

Table 2 Clinical and immunophenotyic data

Variables TIMP-1+

DLBCL (n¼ 14)
TIMP-1�

DLBCL (n¼ 168)
P

No. (%) No. (%)

Age at diagnosis, years
Median (range) 61 (40–74) 59 (14–84)
Older than 60 8 (57) 82 (49) 0.549

Sex (male/female) 10/4 105/63 0.506
Performance status41 0 9 (5) 0.627
Serum LDH4normal 3 (21) 48 (29) 0.567
Extranodal site 13 (93) 131 (78) 0.188

IPI risk group
Low, 0–2 11 (79) 131 (78) 0.959
High, 3–5 3 (21) 37 (22)

B symptom present 4 (29) 61 (36) 0.562

Stage
I–II 11 (79) 118 (70) 0.51
III–IV 3 (21) 50 (30)

Subgroup
GC B cell 6 (43) 49 (29) 0.284
Non-GC B cell 8 (57) 119 (71)

CD10 6 (43) 44 (26) 0.18
BCL6 7 (50) 101 (60) 0.459
MUM1 13 (93) 140 (83) 0.35
CD138 4 (29) 25 (15) 0.179
EBV 0 19 (10) 0.184
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with aggressive clinical features or parameters
(Table 2). None of the patients had a performance
status higher than 1 (0%, P¼ 0.627), four showed B
symptoms (29%; P¼ 0.562), and three had a higher
than normal serum lactate dehydrogenase (LDH)
level (21%, P¼ 0.567). Three patients had high
International Prognostic Index (IPI) scores (21%,
P¼ 0.959). Although 13 cases (93%) of TIMP-1(þ )
diffuse large B-cell lymphoma developed from
extranodal sites, it was not significant (P¼ 0.188).
Since Korea has a higher rate of extranodal lympho-
ma compared with other Asia countries,27 cases in
the present study included an unusually high
proportion of extranodal lymphomas (Table 2).

Hierarchical Clustering Analysis of Tissue
Microarray Data

Hierarchical cluster analysis can sort antibodies
according to similarities among the tumors that they
stain. We used a correlation coefficient with center-
ing; a similarity measure that is sensitive to the
expression profile shape, regardless of the expres-

sion levels.28 Antibodies clustered into groups that
reflected the relatedness of expression of the
cognate antigens. Interestingly, the greatest number
of branches, of the antibody dendrogram, clearly
separate anti-TIMP-1 from the other antibodies
and EBER probe (BCL6, MUM-1, CD10, CD138,
and EBER) (Figure 1). The immunostaining patterns
observed for TIMP-1 were poorly correlated
with those of any other antibodies in the panel,
suggesting that the expression of TIMP-1 may be
largely independent from that of other examined
markers.

The diffuse large B-cell lymphoma cases were also
subjected to a hierarchical cluster analysis, on the
basis of similarity in their patterns of staining with
this panel of antibodies (Figure 1). Most TIMP-1(þ )
diffuse large B-cell lymphoma clustered onto a
single distinct branch, with high correlation, but
because of the expression of CD138, two cases were
clustered separately from this branch (Figure 1).
Given the fact that the clustered TIMP-1(þ ) diffuse
large B-cell lymphoma was separated from the
major branches of the other cases, and that anti-
TIMP-1 was not correlated with the other anti-

Figure 1 Hierarchical cluster analysis of tissue microarray immunostaining results of diffuse large B-cell lymphoma (DLBCL).
(a) Clustering result of 182 diffuse large B-cell lymphoma cases stained with five different antibodies and an EBER-in situ hybridization
probe. TIMP-1(þ ) diffuse large B-cell lymphoma cases were clustered (asterisk). (b) For each of the antibodies, strong positive staining is
indicated by a red square, weak positive as dark red, absence of staining as green and equivocal data as brown at the upper right. The
dendrogram at the upper left shows the clustering of the antibodies based on the relatedness of tumors stained by each antibody.
Individual case details are listed at the lower right (GCB, germinal center B-cell); the dendrogram at the lower left shows the clustering of
the tumors based on the expression of TIMP-1.
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bodies, TIMP-1(þ ) diffuse large B-cell lymphoma
may be a distinct group separate from the other cases
of diffuse large B-cell lymphoma.

It was unusual that both CD10 and MUM-1
expressed in some cases, thereby leading to cluster
CD10 and MUM-1 together in the dendrogram
(Figure 1b). This result was probably due to over-
staining of MUM-1. As mentioned earlier, the
expression of CD10 determined the subgroup of
diffuse large B-cell lymphoma in those cases.24

Molecular Subtypes and EBV Association of
TIMP-1(þ ) Diffuse Large B-Cell Lymphoma

TIMP-1 was expressed in lymphoma cells them-
selves in 14 of 182 cases (8%). Of the TIMP-1(þ )
diffuse large B-cell lymphoma, six cases were the
germinal center B-cell type, while eight were the
nongerminal center B-cell type. However, TIMP-1
expression was not correlated with any subtypes as
defined by the tissue microarray immunohistochem-
istry (P¼ 0.284). Table 2 summarizes an immuno-
phenotypic comparison of TIMP-1-positive and
-negative cases. No differences in immunopheno-
types were observed between the two groups. Of the
182 cases, 55 (30%) were considered germinal
center B-cell and 127 (70%) were considered
nongerminal center B-cell cases by tissue microarray
analysis. Of the germinal center B-cell cases, 22%
expressed CD10 alone, 7% expressed BCL6 alone,
and 71% expressed both CD10 and BCL6. Of the
nongerminal center B-cell cases, 35% expressed
MUM-1 alone, 51% expressed both MUM-1 and
BCL6, and 14% were negative for all of these
markers.

EBER hybridization signals were found in almost
all tumor cells in 19 of 182 cases (10%). No clinical
or survival differences between EBV-positive and
-negative cases were found, but 84% of EBV-positive
cases were found to develop from extranodal sites
such as stomach. Unexpectedly, EBV infection was
not correlated with TIMP-1 expression (P¼ 0.184)
(Figure 1b and Table 2).

TIMP-1 Expression in Lymphoma Tumor and
Stromal Cells

TIMP-1 was also expressed in stromal cells like
fibroblasts and endothelial cells lining sinusoids
and capillaries in 91 of 182 diffuse large B-cell
lymphoma cases (50%) (Figure 2a). However, there
were no clinical or pathologic correlates with TIMP-
1 expression in stromal cells. TIMP-1 was localized
in the cytoplasm of the tumor cells with a Golgi
staining pattern. Interestingly, the tumor cells
with anaplasia or multinucleate cells frequently
expressed a high level of TIMP-1 (Figure 2b).
However, nuclear localization of TIMP-1 in the
tumor cells was not seen.

Prognostic Significance of TIMP-1(þ ) Diffuse Large
B-Cell Lymphoma

Clinical data of all patients were available for
survival analysis. The median follow-up of surviv-
ing patients was 12 months (range, 0.5–120 months).
Univariate analysis revealed that an unfavorable
overall survival was correlated with an advanced
clinical stage (Po0.001), IPI score (Po0.001), and
nongerminal center B-cell type (P¼ 0.017) (Figure
3a, b, and c). By contrast, CD10 expression was
associated with a longer overall survival (P¼ 0.030)
(Figure 3d). Other immunophenotypic markers were
poorly correlated with overall survival. The survival
curves according to the TIMP-1 expression were
well separated, but it was not statistically significant
(P¼ 0.22) (Figure 4a). In addition, the survival
curves between TIMP-1(þ ) nongerminal center
B-cell group and TIMP-1(þ ) germinal center B-cell
or TIMP-1(�) nongerminal center B-cell groups
were compared. The TIMP-1(þ ) nongerminal center

Figure 2 Immunohistochemical features of TIMP-1(þ ) diffuse
large B-cell lymphoma. (a) TIMP-1 expression is found in stromal
cells including endothelial cells (arrowheads) and fibroblasts.
(b) In particular, lymphoma tumor cells with anaplasia or
multinucleate nuclei (arrow, inset) frequently express high level
of TIMP-1 with a Golgi staining pattern.
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B-cell group showed a tendency of poor survival
than the TIMP-1(þ ) germinal center B-cell (log-rank
test, P¼ 0.14) or TIMP-1(�) nongerminal center
B-cell groups (log-rank test, P¼ 0.13), respectively.

To control confounding variables and find more
independent survival factors, multivariate analysis
using the Cox proportional hazard model was
performed. The multivariate survival analysis
revealed that TIMP-1 expression in tumor cells
was an independent predictor of poor overall
survival with a 2.5-fold risk ratio (P¼ 0.049) (Figure
4b and Table 3). The discrepancy between impacts
of TIMP-1 expression on survival in univariate and
multivariate analyses suggests that there are con-
founding variables. Generally, the variables less than
0.25 of P-value after univariate analysis are selected
and tested for the multivariate analysis to reduce
the possibility of dropping significant variables
out. Moreover, since the 95% confidence interval
(1.01–6.21) of TIMP-1 expression in Cox regres-
sion analysis does not contain 1, the odd ratio
was considered statistically significant (Table 3).
The multivariate analysis was performed using
182 patients with complete information for all

variables. The variables included: age and sex of
patients, serum level of LDH, performance status,
presence of B symptom, primary sites (nodal vs
extranodal), clinical stage, IPI scores, CD10, BCL6,
MUM-1, CD138, TIMP-1 and EBV infection. Among
these, older age, the presence of B symptoms,
abnormal serum LDH, more advanced clinical stage
(III/IV), and positive TIMP-1 expression were rela-
ted to a shortened overall survival in the patients
with diffuse large B-cell lymphoma (Table 3).

Discussion

In this study, we found that TIMP-1 is expressed
not only in lymphoma cells themselves but also
in stromal cells like fibroblasts and endothelial cells
lining sinusoids and capillaries. In multivariate
analysis, TIMP-1 expression was highly correlated
with unfavorable outcomes in the patients with
diffuse large B-cell lymphoma. TIMP-1(þ ) diffuse
large B-cell lymphoma has a tendency to develop
from extranodal sites such as stomach, palatine
tonsils, and nasopharynx. However, TIMP-1 expres-

Figure 3 Kaplan–Meier survival curves of patients with diffuse large B-cell lymphoma, which are based on (a) International Prognostic
Index (IPI), (b) clinical stage, (c) immunophenotypic subtype, and (d) CD10 expression.
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sion was poorly correlated with any of the sub-
types of diffuse large B-cell lymphoma defined by
immunohistochemistry or the status of EBV infec-
tion. Our study suggests that TIMP-1 expression is
a marker for poor prognosis in patients with diffuse
large B-cell lymphoma, independent of prior clini-
cal determinants including: advanced age, the

presence of B-symptoms, abnormal serum LDH,
and more advanced clinical stages.

Although a de novo diffuse large B-cell lymphoma
cell line with a high level of TIMP-1 has been
reported,29 we first demonstrated that TIMP-1 was
expressed in the lymphoma tumor cells themselves
in approximately 8% of diffuse large B-cell lympho-
ma cases. This finding confirms prior observations
using in situ hybridization.4 It is of great interest that
TIMP-1 is frequently expressed in tumor cells with
multinucleate or anaplastic nuclei of diffuse large
B-cell lymphoma, and that TIMP-1 is highly expres-
sed in anaplastic lymphoma kinase (ALK)-positive
anaplastic large cell lymphoma by upregulation of
the activation of STAT3.23,30 Moreover, it has been
shown that upregulation of TIMP-1 expression, in
a BL cell line, is related to the activation of STAT3.3

It has been shown that TIMP-1 is expressed in
Reed–Sternberg cells of Hodgkin lymphoma31,32 and
subsets of high grade B-cell lymphoma.4,5 More
recently, the existence of a gray zone between
diffuse large B-cell lymphoma and Hodgkin lym-
phoma has been proposed.33 Since mediastinal large
B-cell lymphoma and T-cell/histocyte-rich B-cell
lymphoma share characteristics of Hodgkin lym-
phoma and diffuse large B-cell lymphoma, they are
considered gray zone lymphomas.15,33 It is note-
worthy that TIMP-1 expression is frequently seen in
large anaplastic or multinucleate bizarre tumor cells,
and has been shown to be closely related to the
activation of STAT3 signaling pathway. Thus,
although TIMP-1(þ ) diffuse large B-cell lymphoma
remains to be further defined, it is speculated that it
might represent a gray zone lymphoma between
diffuse large B-cell lymphoma and Hodgkin lym-
phoma, or an anaplastic variant of diffuse large
B-cell lymphoma. On the other hand, it has been
reported that TIMP-1 can be translocated to the
nuclei of gingival fibroblasts or breast carcinoma
cells, suggesting unknown nuclear functions.34,35

However, our study found that TIMP-1 is localized
only in the cytoplasm of tumor or stromal cells with
distinct Golgi staining pattern. This supports the
notion that TIMP-1 is produced by neoplastic cells
and secreted into their microenvironment, possibly
forming an autocrine/paracrine loop.

Our in vivo study revealed that TIMP-1 expression
in diffuse large B-cell lymphoma is poorly correlated
with the presence or absence of EBV infection.
However, TIMP-1 has been shown to be associated
with EBV latency II/III infection of BL cell lines
in vitro.8 Hodgkin lymphoma has been known
to express TIMP-1 and EBV has been detected in
approximately 40% of Hodgkin lymphoma. How-
ever, no direct evidence that the R–S cells infected
by EBV express TIMP-1 in vitro has been demon-
strated. Recently, it has been shown that EBV-
encoded latent membrane protein-1 (LMP-1) can
upregulate MMP-1,36 or MMP-9 by activating the
NF-kB signaling pathway,37,38 but downregulate
reversion-inducing-cysteine-rich protein with Kazal

Figure 4 Survival curves of patients with diffuse large B-cell
lymphoma by TIMP-1 expression. (a) Kaplan–Meier analysis
shows that TIMP-1 is poorly correlated with patient survival.
However, (b) multivariate analysis by Cox proportional hazard
model reveals that TIMP-1 is an independent negative prognostic
factor in diffuse large B-cell lymphoma cases.

Table 3 Prognostic factors affecting overall survival by multi-
variate analysis

Variables Unfavorable factor Multivariate

Odds ratio (95% CI) P

Age 460 years 2.76 (1.44–5.29) 0.002
B symptoms Present 2.01 (1.08–3.72) 0.027
Serum LDH 4Normal 2.88 (1.47–5.64) 0.002
Stage III/IV 2.27 (1.18–4.40) 0.015
TIMP-1 Positive 2.50 (1.01–6.21) 0.049

CI, confidence interval.
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motifs (RECK) via the activation of ERK/Sp1 signal-
ing pathway.39 The RECK encodes a GPI-anchored
glycoprotein harboring three protease inhibitor-like
domains. Like TIMPs, the RECK protein regulates at
least three members of the MMP family including
MMP-2, MMP-9, and MT1-MMP, in vitro or in
cultured cells.40 However, unlike MMP-1, MMP-9,
and RECK, any evidence on the regulation of TIMP-1
expression by EBV has not yet been demonstrated.
Approximately 10% of all diffuse large B-cell
lymphoma studied harbored EBV, but no clinical
and immunophenotypic differences between EBV-
positive and -negative groups were observed. In fact,
there was no significant difference in the patient
outcomes between the two groups.

In vitro microarray analysis of TIMP-1-transfected
BL cell lines demonstrated that TIMP-1 induces
post-germinal center or plasmablastic differentiation
of germinal center B-cells.3 The gene expression
profiles of the nongerminal center B-cell-type
diffuse large B-cell lymphoma mostly corresponded
with those of post-germinal center B-cell cells.12

However, the immunophenotypes of TIMP-1(þ )
diffuse large B-cell lymphoma were inconsistent
with the immunophenotypes of post-germinal cen-
ter B cells. This finding suggests that TIMP-1(þ )
diffuse large B-cell lymphoma might be derived
from either germinal center or post-germinal center
B cells.

Our results from the multivariate analysis
show that TIMP-1 is an independent marker for a
poor prognosis in patients with diffuse large B-cell
lymphoma. TIMP-1 is a 28.5 kDa glycoprotein that
forms noncovalent 1:1 stoichiometric complexes
with MMPs, thereby inhibiting the proteolytic
activity of these enzymes.41,42 Upregulation of
TIMP-1 expression, at both mRNA and protein
levels, has been demonstrated in several types of
cancer, and has been associated with a poor prog-
nosis in the cancer patients.43–47 Given its original
role of MMP inhibition, TIMP-1 has paradoxically
emerged as a poor prognostic factor and serum
marker for many epithelial cancers.6,7 Thus, TIMP-1
is a multifunctional protein having growth promo-
tion and antiapoptotic effects as well as MMP
inhibitory functions.

Although the mechanisms of TIMP-1 affecting
the unfavorable outcomes are poorly understood,
the antiapoptotic effect of TIMP-1 may be respon-
sible for the poor survival of cancer patients. Two
different mechanisms, MMP-dependent or MMP-
independent, have been proposed for the antiapop-
totic function of TIMP-1. Guedez et al8 showed that
the antiapoptotic effect of TIMP-1 was not a result of
inhibition of MMPs because N-terminal alanine
appended AlaþTIMP-1, which is devoid of MMP
inhibitory activity, could also suppress apoptosis. In
addition, TIMP-1 overexpression inhibits apoptosis
even after the loss of cell adhesion in human breast
epithelial MCF10A cells, suggesting that the anti-
apoptotic effect of TIMP-1 does not depend on its

ability to stabilize cell–matrix interactions.48 Thus,
it is hypothesized that antiapoptosis occurs via
binding of TIMP-1 to a putative cell-surface recep-
tor, independent of its MMP inhibitory function.

In an MCF10A breast epithelial cell line, TIMP-1
was shown to have oncogenic activity by inhibiting
intrinsic and extrinsic apoptosis and by disrupting
lumen formation.49,50 Overexpression of TIMP-1
induces constitutive activation of focal adhesion
kinase (FAK) through tyrosine phosphorylation.48,49

FAK is an upstream regulator of phosphatidylino-
sitol-3 kinase (PI-3 kinase), leading to regulation
of BCL-2 family members and cell survival. On
the other hand, in a breast carcinoma cell line, the
antiapoptotic effect of TIMP-1 is mediated by
the sequential activation of pertussis toxin-sensitive
G protein, c-Src, PI-3 kinase, and Akt.51 In BL cells,
overexpression of TIMP-1 leads to the activation and
expression of STAT3, and upregulates the expres-
sion of BCL-XL, cyclin D2, and CD44.3,52 Interest-
ingly, BCL- XL is a target protein of activated STAT3
and plays a major role of antiapoptosis.53 CD44 is
also known to promote cell survival by activating
the PI-3 kinase/Akt pathway.54–57 The expression of
cyclin D2 or CD44 is also correlated with a poor
prognosis in patients with diffuse large B-cell
lymphoma.19,58 Therefore, although there is discre-
pancy in TIMP-1 signaling pathways depending
on cell type,TIMP-1 appears to inhibit apoptosis
by activating the PI-3 kinase/Akt and/or STAT3
signaling cascades. The activation of these signaling
pathways regulates BCL-2 family members, espe-
cially involving BCL-XL resulting in inhibition
of caspase activation and thereby inhibition of
apoptosis.

We analyzed unsupervised hierarchical clustering
using the correlation coefficient with centering; a
similarity measure that is sensitive to the expression
profile shape, regardless of the expression levels.28

As a result, TIMP-1 was completely separated from
the other clusters of phenotypic markers or EBV
infection status. This suggests that TIMP-1(þ )
diffuse large B-cell lymphoma is a distinct group
separate from other cases of diffuse large B-cell lym-
phoma. However, the expression of CD138 or TIMP-
1 as well as EBV infection appears to be relatively
rare events in diffuse large B-cell lymphoma. In the
multivariate survival analysis, older age, the pre-
sence of B-symptoms, abnormal serum LDH, more
advanced clinical stage (III/IV), and TIMP-1 expres-
sion were related to poorer overall survival in
the patients with diffuse large B-cell lymphoma.
This result is in agreement with those of previous
studies of diffuse large B-cell lymphoma using
tissue microarray,59–62 reflecting the reliability and
robustness of our data. Therefore, TIMP-1 expres-
sion is an independent factor, and represents a
marker for poor prognosis with potential therapeutic
implications. However, identification of a putative
cell surface receptor for TIMP-1 and its downstream
signaling pathways require further study.
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In conclusion, this study clearly shows that TIMP-
1 expression is an independent factor associated
with a poor prognosis in patients with diffuse large
B-cell lymphoma. Thus, TIMP-1 may play a crucial
role in the tumor progression of diffuse large B-cell
lymphoma rather than define the histogenetic origin
of diffuse large B-cell lymphoma or EBV infection
status. Further, it is suggested that TIMP-1 could
represent a novel therapeutic target for a subset of
diffuse large B-cell lymphoma.
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