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Abbreviations : BSA, bovine serum albumin; FH, favorable histology; GNB, ganglioneuroblastoma; MMP, matrix
metalloproteinase; MT-MMP-1, membrane-type matrix metalloproteinase-1; NB, neuroblastoma; NSE, neuron specific
enolase; TBS, Tris buffered saline; TIMP-2, tissue inhibitor of metalloproteinase-2; UH, unfavorable histology
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Fig. 1. Representative gelatin zymography of the samples
including stage I to IV (lanes 3-9) neuroblastomas, normal
lung tissue (lane 1), and lung carcinoma (lane 2) as a positive
control. Pro-gelatinase A (68 kDa) and the activated form (62
kDa) are indicated by arrows. Gels were traced by a
densitometer and the relative ratio of the bands 62 kDa / (68
kDa + 62 kDa)was calculated and is given as the gelatinase A
activation ratio (%). The gelatinase A activation ratios are
shown at the bottom of the figure.
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Fig.2. Immunohistochemical expression of MT-MMP-1 in
neuroblastomas. Expression of MT-MMP-1 is identified as a
red deposit on the cell surface. The intensity of MT-MMP-1
expression was classified into one of three categories, negative
() (A), weak (1+) (B), and intense (2+) (C).
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Fig.3. Correlation between the gelatinase A activation ratio
and the immunohistochemical expression of MT-MMP-1.
Correlation coefficient, r = 0.70; p < 0.005.
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Fig.4. Correlation between the gelatinase A activation ratio
and tumor stages. The gelatinase A activation ratio in each of
tumor samples was plotted and X =+ SD are indicated in the
figure. * p< 0.001; ** p= 0.016. Patients who are alive and
dead are indicated as (@) and ([@ ), respectively.
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Fig.5. Correlation between the total gelatinase A levels and
tumor stages. Gels were set on the white light table, and were
scanned by the densitometer. Intensity levels of the clear
bands in the gel were quantitated and served as gelatinase A
levels. Intensity level zero indicated the intensity of the
background of the gel. Level -100 indicated the intensity when
the white light table was turned off. The total gelatinase A
levels in each of tumor samples were plotted and X = SD are
indicated in the figure. * p< 0.001; ** p= 0.011. Patients who
are alive and dead are indicated as (@) and (@),
respectively.
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Table 1. Correlation between the higher gelatinase A activation ratio and other prognostic factors

No. of patients

Variable NQ' of Gelatinase A activation ratio (%) Fisher's exact test
patients p
Low (£26) High (>26)

Clinical stage
v 23 11 12 0.024
I,0,0 7 7

N-myc gene
Amplified 6 1 5 0.063
Not amplified 23 15 3

Serum NSE levels
>50 ng/ml 13 6 7 0.034
<50 ng/ml I 10 1

Histology (NB/GNB)
Neuroblastoma 23 12 11 0.19

Ganglioneuroblastoma
Histology (UH/FH)

~
(=)}

Unfavorable histology 12 6 6 0.087
Favorable histology 9 8 1

Age at diagnosis
> 12 months 22 12 10 0.42
<12 months 8 6 2

FH, favorable histology ; UH, unfavorable histology ; NSE, neuron specific enolase.

Table 2. Univariate analysis of survival according to clinical and biologic variables in 29 patients with neuroblastoma

% survival

Variable of 5 years Logrank P
Gelatinase A activation ratio 10.9 0.0009
>26% 21.2
<26% 929
N-myc gene 1.58 ‘ 0.21
Amplified 46.0
Not amplified 63.1
Serum NSE levels 0.27 0.60
>350 ng/ml 56.6
< 50 ng/ml 80.0
Tumor Histology (NB/GNB) 3.96 0.047
Neuroblastoma 46.0
Ganglioneuroblastoma 100
Tumor Histology (UH/FH) NA
Unfavorable histology 385
Favorable histology 100
Tumor stage NA
v 52.0
I-m 100
Age at diagnosis NA
> 12 months 53.9
<12 months 100

NA, not assesable.
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Fig.6. The Kaplan-Meier overall survival curves for total
29 patients with neuroblastoma according to the
gelatinase A activation ratio. , high activation
ratio (> 26 %) group; ~----- , low activation ratio (< 26 %)
group. Tick marks indicate patients who were alive at the time
of the last follow-up visit. The patients with the high activation
ratio group had significantly poorer outcome than that with the
low activation ratio group by the Logrank test (p=0.0009).

(p=0.063).
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Fig.7. The Kaplan-Meier overall survival curves for 23
patients with stage IV neuroblastoma according to the
gelatinase A activation ratio. , high activation ratio
(> 26 %) group; ——=—~~ , low activation ratio (< 26 %) group.
Tick marks indicate patients who were alive at the time of the
last follow-up visit. The high activation ratio group had
significantly poorer outcome than the low activation ratio
group by the Logrank test (p=0.0125).
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Table 3. Univariate analysis of survival according to clinical and biologic variables in 23 patients with stage IV

neuroblastoma

Variable Z‘},?;‘Q:il Logrank P

Gelatinase A activation ratio 6.24 0.0125
>26% 21.2
< 26% 88.9

N-myc gene 0.017 0.89
Amplitied 50.0
Not amplified 45.7

Serum NSE levels 0.64 0.42
>50 ng/ml 56.6
< 50 ng/ml 60.0

Tumor Histology (NB/GNB) 2.64 0.10
Neuroblastoma 324
Ganglioneuroblastoma 100

Tumor Histology (UH/FH) NA
Unfavorable histology 26.2
Favorable histology 100

Age at diagnosis NA
> 12 months 48.4
<12 months 100

NA, not assesable.

& 3

Table 4. Multivariate Cox regression analysis of survival
according to clinical and biologic variables in 20 patients
aged over 12 months at diagnosis with stage IV

neuroblastoma
Variable y? p
Gelatinase A activation ratio 3.66 0.0557
N-myc amplification 1.31 0.25
NSE 3.12 0.077
Histology 0.72 0.39
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Abstract

Neuroblastoma (NB), the most common pediatric solid tumor, has a unique characteristic in that the heterogeneity of the
differentiating tumor cells and age at diagnosis are related to prognosis. Several factors have been reported that correlate with
tumor aggressiveness and poor prognosis. Membrane-type matrix metalloproteinase-1 (MT-MMP-1) was identified as being
expressed on the tumor cell surface and being capable of inducing activation of pro-gelatinase A. Pro-gelatinase A is activated
by the enzyme specifically expressed on the tumor cell surface. Activated gelatinase A is reported to be overexpressed in a
variety of malignant tumor tissues. Since activated gelatinase A degrades type IV collagen, one of the integral components of
the basement membrane, this enzyme is thought to play a key role in triggering tumor spread. This study is an attempt to
determine the possibility that the expression of MT-MMP-1 and gelatinase A activation can be a prognostic determinant in
NB. Surgically excised NBs (n= 30) were analyzed. The total levels of pro-gelatinase A (68 kDa) and its activated form (62
kDa) in the tumor lysates were quantitated by a gelatin zymography. The expression of MT-MMP-1 was estimated by
immunostaining with the monoclonal antibody. Pro-gelatinase A and the activated form were detected in each of the 30
specimens. The gelatinase A activation ratio 62 kDa / (62 kDa + 68 kDa) was significantly high in the patients with high
levels of MT-MMP-1 expression on the tumor cells, at an advanced tumor stage, and with high serum neuron-specific enolase
levels. The high gelatinase A activation had a strong association with an unfavorable clinical outcome in all cases and in the
subgroup of stage IV (p = 0.0009, and p= 0.0125, respectively). Multivariate analysis suggested that high gelatinase A
activation ratio was associated with poor prognosis (p= 0.0557) in the patients aged over 12 months with stage IV. Gelatinase
A activation correlates with high expression of MT-MMP-1 on NB cells and is strongly associated with advanced stage and a
poor clinical outcome in the pediatric patients. These results are consistent with the notion that MT-MMP-1 expression is an
important prognostic determinant of the biologic behavior of NB.




